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ERYTHROLEUKOSIS AND THE ANEMIAS OF 

THE FOWL * 

J. FURTH, M.D. 

With the Assistance of Ruth Klingelhofer, B.S., and Charles Breedis 

PHILADELPHIA 

In the course of his studies on the transmissible leukemia of fowls 
Ellermann ^ observed the frequent occurrence of anemia. On micro- 
scopic examination of various organs, particularly of the liver, spleen 
and bone marrow, many of the anemic birds showed an engorgement 
of the capillaries with lymphoid cells. On the basis of this characteristic, 
Ellermann considered the condition, to which he at first gave the name 
intravascular lymphoid leukosis, a distinct disease. His later studies 
on the nature of these lymphoid cells led him to surmise that they 
were progenitors of erythrocytes, and he accordingly changed the name 
of this pathologic condition to erythroleukosis. 

Many of the birds inoculated by Ellermann with the virus of leuke- 
mia showed anemia during life, but on microscopic examination of the 
organs did not reveal the characters of erythroleukosis. These cases 
are designated by him as simple anemia. Simple anemia and erythro- 
leukosis, according to Ellermann, are varieties of the same disease with 
all possible transitional forms existing between them. 

Most of the investigators working with the leukemia of fowls have 
observed the occurrence of anemia, but none of them, so far as I am 
aware, has described cases of erythroleukosis. Data on the spontaneous 
occurrence of erythroleukosis have been wanting. It is not known 
whether chronic severe anemia in the bird would resemble erythroleu- 
kosis. Cases of erythroleukosis were probably observed by Andersen 
and Bang - and by McGowan,® but were not separated from myeloid 
leukosis. 

* Submitted for publication, Nov. 21, 1930. 

* From the Henry Phipps Institute, University of Pennsylvania. 

* This investigation has been supported by the Fund for the Study of 
Leucemia and Related Diseases. 

1. Ellermann, V. : The Leucosis of Fowls and Leucemia Problems, London, 
Gyldenal, 1927; Virchows Arch. f. path. Anat. 228:247, 1920. 

2. Andersen, C. W., and Bang, O. : Festkrift til B Bang, Copenhagen, 1928, 
p. 353. 

3. McGowan, J. P. : Pernicious Anemia, Leucemia and Aplastic Anemia, 
New York, Paul B. Hoeber, 1927. 
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Recentl)^ Bedson and Knight^ described in the fowl a severe spon- 
taneous anemia, which is apparently not erythroleukosis and when 
transmitted to normal fowls is not capable of producing either progres- 
sive anemia or erythroleukosis. 

Erythroleukosis offers an excellent opportunity for the study of 
the lymphoid precursors of erythrocytes. 

ERYTHROPOIESIS IN TIIE BIRD 

The bone marrow is the only organ of the adult bird in which red 
cells are formed. The structure and function of the avian marrow, 
although comparatively simple, are not wholly understood. The marrow 
is formed by a network of blood vessels, lined with a single layer of 
endothelium, some dilated, others collapsed. The tissues between the 
vessels, commonly called trabeculae or parenchyma, contain fat or some 
homogeneous “gelatinous” material. 

Bizzozero and Torre ^ recognized that erythropoiesis and granulo- 
cytopoiesis are sharply separated in the marrow of the bird, the former 
occurring within the venous capillaries, the latter extravascularly in 
the parenchyma of the marrow. Their observations have been repeat- 
edly confirmed (Van der Stricht,® Sabin'), and the extensive material 
presented in this report also substantiates this point of view. Indeed 
it would seem that when under pathologic conditions erythrogenesis 
occurs outside of the marrow it is in most, if not in all, instances an 
intravascular process. 

The circulatory system of the marrow is thus intimately connected 
with the formation of red cells. Sabin,' in her recent review on the 
bone marrow, summarized the available evidence pointing to a closed 
circulation as recognized by Bizzozero. Attention is called to the 
significant difference between dilated and collapsed vessels, sluggish 
flow favoring erythropoiesis (Bizzozero), presumably through low ten- 
sion of oxygen. Maximow,® following Mollier’s ” idea, conceived the 
erythropoietic sinusoids of the marrow as vessels with fenestrated walls 
formed by histiocytes with embryonic jDOtencies, capable of constriction 
and dilation. The former view (Sabin') explains the delivery of the 
newl}’’ formed red blood cells by the opening up of the collapsed 
capillaries and explains the delivery of the white cells by active migra- 

4. Bedson, S. P., and Knight, E. : J. Path. & Bact. 27:239. 1924. 

5. Bizzozero, G. : Arch. f. mikr. Anat. 35:424, 1890. 

6. Van der Stricht, O. : Arch, de biol. 12:199, 1892. 

7. Sabin, F. R. : Physiol. Rev. 8:191, 1928. 

8. Maximow, A. : Bindegewebe und blutbildende Gewebe, in Mollendorff : 
Handbuch der mikroscopisehen Anatomic, Berlin, Julius Springer, 1927, vol. 2. 

9. Mollier, S.: Arch. f. mikr. Anat. 76:608, 1910-1911; 74:474, 1909. 
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tion; the latter emphasizes contraction of the histiocytic cells and the 
fenestrae of the capillaries in explaining the entrance of nonmotile cells 
into the circulation. 

The immediate precursors of erythrocytes are erythroblasts (Bizzo- 
zero,'^ Denys These in the bird are characterized by being round. 
Their cytoplasm has a peculiar color, given to it by the varying amount 
of hemoglobin and by the so-called basophil substance that they contain. 
The more mature forms contain relatively much hemoglobin and are 
only slightly basophil (erythroblasts II, Sabin ^). They will be desig- 
nated in this report as polychrome erythroblasts, a term introduced 
by Gabritschewski. The younger forms of the erythroblasts contain 
only traces of hemoglobin and much “basophil substance” (er3dhro- 
blasts I, Sabin). In this communication they will be called, following 
the terminology of Ferrata, basophil erythroblasts. The nucleus of 
the erythroblast has a tendency to form angular clumps of chromatin, 
giving a characteristic (sometimes called cartwheel) arrangement to 
the nuclear chromatin. This structure is of particular importance in 
identifying young erythroblasts. 

The origin of the erythroblast is much disputed. Lowit and Denys 
found that the earliest forms lack hemoglobin and resemble lympho- 
cytes. This view, first denied by Bizzozero, is now generally accepted. 
The immediate precursor of the erythroblast appears to be mostly a 
large, round cell with strongly basophil, homogeneous cytoplasm, having 
a large vesicular nucleus, and resembling closely the younger forms 
of the erythroblast. The primitiveness of this cell is also indicated 
by the presence of nucleoli. The name proerythroblast was given to 
them by Ferrata and de Negreiros-Rinaldi ; “ “megaloblast” (Naegeli) 
is frequently used in a similar sense. Maximow recognized the exis- 
tence of proerythroblasts in mammals, but erythroblasts in the bird 
are shown in his work ® as derivatives of large lymphoid cells, called 
by him, with Ferrata, “hemocytoblasts.” The main difference between 
proerythroblasts and their precursors, the hemocytoblasts, is that the 
cytoplasm of the former is even more basophilic than the cytoplasm 
of the latter, and that it has a slightly less basophilic perinuclear area. 
Furthermore, the structure of the nucleus has already some of the 
characters of the erythroblast. Both possess nucleoli. 

10. Denys, J.: Cellule 4:200, 1888. 

11. Ferrata, A., and de Negreiros-Rinaldi ; Virchows Arch. f. path. Anat. 
215:77, 1914. 

12. The terms lymphoidocyte (Pappenheim, A.: Folia haemat. 5:511,1908) and 
erythrogony (Helly, K. : Beitr. z. path. Anat. u. z. allg. Path. 49:15, 1910) refer 
to similar cells. 
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Beyond the erythroblastic stage the erythropoiesis of the bird is 
not definitely known. Aside from the view of Maximow already men- 
tioned, according to which erythroblasts are derived from the assumed 
multipotent large lymphocytes (hemocytoblasts), the idea supported by 
Sabin and her co-workers found wide acceptance, namely, that erythro- 
blasts originate from endothelial cells. The origin of erythroblasts 
from endothelium during early embryonic life seems beyond dispute.' 

MATERIAL OF STUDY 

Tn the course of our study of the transmissible leukemia of fowls, 
erythroleukosis or a combination of er3dhroleukosis and myeloid leuko- 
sis developed in about half of the inoculated birds. Moi-eoA'^er, several 
spontaneous cases of erythroleukosis have been observed. One of 
these was found in association with sarcoma,^^ and another similar 
case occurred among the fowls inoculated with leukemic organs. In 
one bird repeated injections of benzene were followed by the development 
of erythroleukosis, and in another partial destruction of the bone 
marrow was followed by a similar event. Erythroleukosis was found 
in one chicken exposed to the ectoparasites of a leukemic fowl. These 
and a few atypical cases, most of them closely followed from the 
onset of illness until death, are the subject of this paper. In addition, 
a few experiments will be described that were performed to produce 
severe anemia by repeated bleeding or by continued administration of 
blood poisons, and the difference between these types of secondary 
anemia and erythroleukosis will be discussed. 

TECHNIC 

Blood Smears . — Blood smears were taken from all birds that appeared pale or 
ill, and at irregular intervals (from one to three months) from the entire flock. 

Blood Counts . — Blood counts were made by diluting blood 1 : 100 or 1 : 200 
with Toisson solution and counting white and red cells in tlie same chamber. The 
counting of normal blood and of pathologic blood other than erythroleukotic is 
satisfactory by this method. In er 3 'throleukosis there is a continuous transition 
between red cells and their lymphoid precursors, making the counting of white 
cells arbitrary and somewhat inaccurate, the lymphoid er 3 Throblasts being thus 
counted with the white cells. A more accurate method in these cases consists of 
determining the total number of cells and calculating the number of the various 
constituents on the basis of the differential counts. With some experience, how- 
ever, direct counting, a much simpler procedure, gives approximately accurate 
results. 

Recently several investigators described new methods of counting the blood 
cells of fowls. One of them said that when suspended in Toisson solution the 


13. Dr. E. L. Stubbs gave me permission to describe this case. 

14. Shaw, A. F. B. : J. Path. & Bact. 33:833, 1930. 
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lymphocytes of the fowl cannot be differentiated from tlie thrombocytes, but in my 
experience the differences between them have been marked. The thrombocytes are 
spindle-shaped not unlike erytlirocytes, but they are somewhat smaller, lack hemo- 
globin and appear very pale in the counting chamber. The lymphocytes are much 
smaller and round, and take up crystal violet intensely. The thrombocytes were 
left entirely out of consideration in this study. 

Smears from Organs . — Pieces of organs were cut in chicken serum and the 
larger particles allowed to settle. A smear was made with a small drop of the 
turbid suspension of cells, as is done with blood droplets. This method served 
the purpose of comparing the cells present in the blood-forming organs with those 
of the blood, and also permitted a rapid tentative diagnosis of some tumors. 

Other Proccdurcs.~¥or staining of slides, fixation of organs, staining of sec- 
tions and nomenclature used, see an earlier publication by Dr. Furth.'® 


ERYTHROLEUKOSIS PRODUCED BY TR.^NSMISSION 

Table 1 is a survey of the cases of erythroleukosis occurring among 
tlie fowls inoculated with leukemic materia) in the course of the experi- 
rnents in transmission of this disease already described. The number 
of the bird and that of the series are given to facilitate a correlation 
of the data presented. 

Syuiptoiiiafology. — The first signs of illness were discovered from 
13 to 124 days after inoculation, with an average of 47 days. In most 
instances slight paleness attracted attention, while the bird still appeared 
active and the breast muscle was fairly strong. In a few instances, 
however, the comb was red, and only the routine examination of the 
blood led to the discovery of the pathologic condition. These cases 
are of particular interest because they indicate that erythroleukosis 
does not arise from preceding anemia. That the onset of spontaneous 
er}ThroIeukosis may be similar is shown in case 366 (p. 22). 

Many of the fowls died shortly after the disease became manifest 
while apparently in good physical condition, but others lost weight and 
became extremely emaciated. The duration of the illness averaged 
19 days, and the birds lived from 21 to 204 days after inoculation. In 
several instances death was caused by an intercurrent disease, such 
as purulent infection of the upper respiratory tract or of the air sacs. 
Recovery was observed in two cases, in which the diagnosis was hasea 
solely on examinations of the blood. 

Blood Pictnre.—The principles followed in differentiating immature 
erythrocytes have been described. Figures 1 and 2 illustrate the 
various types of cells of the erythroblastic series, A peculiar laige 
lymphoid cell (figs. 1 f and g and 2 E) has been included, because it 
has not been seen in conditions other than eiythioleukosis. The 
nucleus is large and vesicular and appears to be homogeneous. Nucleoli 


15. Furth, J.: J. Exper. Med. 53:243, 1931. 
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Fig. 2. — A, a blood smear in erythroleukosis of the er3'throblastic type; Bj 
basophil erythroblasts shown with higher magnification ; about X 1,000 ; C, one 
mitotic figure, one basophil erythroblast, one limiphoc3'te and one poh’morphonu- 
clear leukoc3de with rod-shaped granules; D, mitotic figure; E, blood smear in 
erythroleukosis of the lymphoid cell type, showing one 13'mphoid er3'throblast and 
five lymphoid cells ; F, smear from the liver in erythroleukosis, showing the 
erythroblastic character of the b’mphoid cells of the capillaries of the liver. 



Table 2. — Blood Picture in Erytliroleukosis Produced by Transmission 
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ARCHIVES OF PATHOLOGY 


are present. The cytoplasm is narrow and very basophil, appears 
round and often has small Ungulate processes. The extreme basophilia 
differentiates these cells from hemocytoblasts, and lack of the charac- 
teristic nuclear structure, from iDroerythroblasts. In a large percentage 
vacuoles are seen. In fixed and stained sections differentiation is 
difficult, if not impossible.^® These cells are here given temporarily 
the designation “lymphoid” cells, and they are tabulated as immediate 
precursors of proerythroblasts, although this genetic reconstruction 
based on morphologic grounds requires further evidence. It would 
seem possible that many of these cells are lymphoid erythroblasts that 
have undergone degeneration, hence the structureless nucleus and vacuo- 
lization of the cytoplasm. Direct smear from the infiltrated organs 
would seem to support this view (p. 14). 

The blood cells of healthy fowls will not be reviewed here. The 
large mononuclear cells seen in m)'eloid leukemia will be called, with 
Ellermann, “large mononuclear cells (m)^eloblasts)” and similar cells 
with purple granules “promyelocytes.” They will be described more 
fully in a paper on myeloid leukosis. Some uncertainty as to the cor- 
rectness of this nomenclature should be kept in mind. 

At the onset of the disease, in contrast with secondary anemia, there 
appears to be an adequate number of erythrocytes in the circulation, 
and the amount of hemoglobin is likewise not considerably diminished; 
e. g., in fowl 757 there were 2,850,000 red blood cells at the onset of 
disease ; the red blood cells in fowl 750 numbered 2,000,000 even before 
death. Polychromatophil erythrocytes are present in moderate amounts, 
whereas erythroblasts, among them the earl)'’ forms, are relatively 
numerous. In some instances lyinphoid cells appear in the circulation 
in considerable numbers, while anemia is extremely slight (e. g., fowl 
681). 

The blood picture during the course of illness is given in table 2. 
Since there is a continuous series between erythrocytes and their 
lymphoid precursors, the differential counts given naturally are arbitrary 
and somewhat inaccurate. 

The medium or large lymphoid cells are counted with the white 
cells, and if they appear in considerable numbers the blood picture 
becomes leukemic. This study includes eleven such cases with fatal 
outcome, which in table 1 are designated as “erythroleukosis (lymph- 
oid)” to distinguish this from the more common erythroblastic form. 
In seven of these cases the figures for white cells were: 42,000 (798), 
67,000 (605), 95,000 (575), 101,000 (661), 164,000 (579), 182,000 

16. Maximow (footnote 8, fig. 79). 
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(656) and 201,000 (602). The dominating cell was the lymphoid cell 
described. Thus erythrolenkosis of the lymphoid cell type may be 
distinctly leukemic. 

When these cases are considered separately, it becomes evident that 
the period of incubation (thirty-six days) is below the average, and 
that their course is more fulminating, the average length of illness being 
seven days. This t 3 'pe may therefore be understood as a more acute 
form of erythroleukosis. 

It is obvious from table 2 that a sharp line does not exist between 
erythroleukosis of the l 3 anphoid cell type and erythroleukosis of the 
erythroblastic t 3 'pe. Indeed the continuous transitional forms between the 
two support the assumption that they are varieties of the same process. 
A change of t 3 ^pe from erythroblastic to lymphoid (e. g., 575 and 602) 
or the reverse (499) ma 3 '- likewise occur. In microscopic anatomy of 
organ's no marked difference is observed between these pathologic 
conditions. 

Ellermann’s statements that the leukocytes are outside the essential 
change of erythroleukosis, and that, if the “l 3 unphoidocytes” are not 
considered, one gets a normal percentage of each of the various types 
of white cells, are not supported 63 '- the data presented in table 2 . 
A considerable decrease of the pol 3 unorphonuclear leukocytes appears 
to be the rule, and agranuloc 3 dosis is not uncommon. The behavior 
of the tymphocytes is less constant, but their number likewise decreases 
considerabl 3 '’ in almost every pronounced case. 

The presence of myelocytes is not uncommon in erythroleukosis. 
It is seen from table 2 that myeloc 3 des were not found in smears taken 
before inoculations, but when blood smears were taken repeatedly after 
inoculation an occasional myelocyte was seen in almost two thirds of 
the cases of er 3 dhroleukosis, usuall 3 '^ at a more advanced stage. Occa- 
sionall 3 '^ the number of myelocytes and large mononuclear cells (myelo- 
blasts, Ellermann) became considerable. In most of these cases the 
sections of the blood-forming organs likewise revealed an involvement 
of both erythropoietic and granulopoietic systems. Indeed in several 
instances the microscopic picture of the bone marrow revealed a myeloid 
involvement not suspected after the examination of blood smears. In 
a few instances the blood picture at an early stage was that of erythro- 
leukosis, which then changed completely to myeloid leukemia (e. g., 
696). 

Erythroblasts with double nuclei were described by Ellermann and 
were considered by him as pathognomonic for erythrocytes and erythro- 
blasts. In figure 1 such cells are reproduced. It is noteworthy that 
cells with double nuclei were particularly numerous among the primitive 
lymphoid cells described, pointing to a connection with cells of erythro- 
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blastic potencies. Occasionally, however, double nuclei were found in 
cells other than those of the erythroblastic series. 

Maximow considered the erytliroblast with a double nuclei a 
degenerated cell. In the microscopic aspect of fixed and stained smears 
there is no support for this opinion, for this cell appears to differ 
from the normal erytliroblast merely by the double nuclei. It is .more 
probably the result of an atypical division of a cell.^® 

Characteristic inclusions are found not infrequently in large mono- 
nuclear cells of myeloid leukemia, and will be described in a subsequent 
paper. They are rare in er 3 dhroleukosis. 

Mitotic figures are found in practically every severe case of the 
transmissible leukosis. In some thej'^ are abundant. Figures 1 c and 
2 C and D show some of the types seen in erythroleukosis. The large 
number of mitotic forms in the peripheral blood and in the capillaries 
of the organs offers the most direct support for the possibility, thus far 
surprisingly disregarded, that transfer of leukemia of fowls, not unlike 
transmission of cancer and leukemia of mammals, is bound to tumor 
cells. 

Anatomic Changes . — Bone Marrow: As in myeloid leukemia the 
bone marrow was involved in all cases of eiythroleukosis observed 
(cf. Schmeisser However, whereas myeloid leukemia seems to be 
preceded by an aleukemic stage with maximum myelocytic and myelo- 
blastic hyperplasia of the marrow, the involvement of the peripheral 
blood in erythroleukosis appears to take place at a very early stage. 
The disease was diagnosed or suspected before death by reason of 
the erythroblasts present in the circulation in all cases, with the possible 
exception of one (503), which will be fully described in later para- 
graphs. The early involvement of the peripheral blood is probably 
due to the intravascular nature of erythrogenesis, whereas myeloid 
leukemia begins in the trabeculae of the marrow. The pathologic 
changes in erythroleukosis were most marked in the marrow, and in 
a few cases (178, 269 and 358) the specific involvement of the other 
organs was very mild, suggesting that the bone marrow is the primary 
site of erythroleukosis as it is of myeloid leukemia. 

The gross appearance of the marrow is characteristic, though it 
was neither recognized with certainty in all cases nor always differen- 
tiated from the marrow of myeloid leukemia. The marrow shows loss 
or absence of fat. It is reddish or pale grayish, and its consistency 
is increased, so that it can be removed as a semisolid cylindric mass. 

17. Maximow (footnote 8, p. 388). 

18. AIcGowan (footnote 3, p. 71). 

19. Schmeisser, H. C: Johns Hopkins Hosp. Rep. 17:551, 1916. 



FURTH— ANEMIAS OF FOWL U 

In sections the latent and patent blood vessels can be well made 
out in the early or in the mild cases. The former vessels show sinusoid 
dilations and are filled with erythroblasts and lymphoid cells, the latter 
contain chiefly mature erythrocytes and immature cells such as are 
seen in the peripheral circulation. The structure of the marrow is 
preserved (fig. 3C). In the trabeculae, foci of small cells resembling 


















Fig. 3 . — A and B, the bone marrow in advanced erythroleukosis of the fowl ; 
Cj the bone marrow in incipient erythroleukosis ; D, the liver in erythroleukosis. 


lymphocytes and foci of myelocytes are seen, the latter sometimes 
somewhat in excess of normal. Figures that could be interpreted as 
proliferating endothelial cells have not been identified with certainty. 
As the disease progresses, the crowding of the sinusoids becomes more 
pronounced, the fat content of the marrow becomes reduced, the trabecu- 
lae become narrower, and in an advanced stage the marrow has the 
appearance of a dense mass of lymphoid cells (fig. 3 A and B). 
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These observations are based on examination of the marrow of the 
femur and tibia. In the air-containing humerus, which was not sys- 
tematically examined, no change was observed. 

Liver: The liver is usuall}'’ enlarged, but not to the same extent 
as in lymphoid leukosis. The average weight of the liver of the normal 
fowl is 2.8 per cent of the weight of the bod}'’ (Pickens “®). In twenty- 
nine cases of erythroleukosis the weight of the birds post mortem 
varied between 550 and 1,450 Gm.; the average weight was 863 Gm. 
The weight of the liver varied between 29 and 184 Gm., with an average 
of 64.5 Gm. (7.5 per cent of the weight of the body). In individual 
fowls, however, including all mild and some pronounced cases, the 
liver appeared to he of normal size (178, 269, 358, 503, 511, 575, 602, 
605, 612, 613 and 691). 

The color of the liver is in most instances distinctly grayish ; in a 
very few instances it is slightly yellowish and fatty. Its consistency 
is as a rule slightly increased, but occasionally it is very brittle. The 
surface and cut surface either is hoiuogeneous or shows a fine mottling 
caused by minute grayish areas. 

Thus on gross examination of the liver erythroleukosis can in some 
instances not even be suspected. The microscopic appearances, how- 
ever, are characteristic and pronounced in all but a few atypical or mild 
cases (178, 269, 358, 455 and 691). This specific involvement consists 
of a selective accumulation of lymphoid cells in the capillaries to a 
varying degree (fig. ZD). Their location is intravascular, Avith the 
exception of an occasional tumor-like accumulation of lymphoid cells. 
In vieAv of the fact that hemorrhages are found regularly in erythro- 
leukosis. one might assume that such growth is perhaps due to lesions 
in the endothelial linings of the blood vessels. Associated small foci 
of myelocytes and myeloblasts, chiefly perivascular, are not uncommon. 
The character of the myeloid tissue in the livers of fowls rvill be 
discussed more fully in a subsequent paper on myeloid leukosis. 

To ascertain the character of the lymphoid cells accumulating in the capillaries 
of the liver, smears were prepared from emulsions of the liver in chicken serum. 
The cells in such smears resemble lymphocides very closely, varying greatlj" in 
size from that of the small to that of the large h'mphocyte. The c 3 'toplasm sur- 
rounds the nucleus in the form of a rather regular, narrow, basophil ring, with 
a clear halo around the nuclear membrane. The nucleus has a distinct network 
of chromatin, caused by a nodular or linear concentration of the chromatin ; the 
characteristic sharplj’- angular network of the erythroblasts is wanting. Nucleoli 
are distinct in many of these cells. They are surrounded by a denser mass of 
chromatin and are, if pronounced, slightly bluish (fig. 2 F). 

20. Pickens, E. M. : Rep. New York State Vet. Coll., 1917, p. 226. 
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Although such cells, notably those of smaller size, resemble lympho- 
cytes very closely, the majority of the well preserved cells can be 
distinctly recognized as lymphoid er)hhroblasts. The term erythrogony 
(Helly-^) would seem to be well chosen for such cells, which appear 
to be different from large lymphocytes (lymphoblasts). 

Spleen : Enlargement of the spleen occurring in most instances to 
an extent not observed in any other condition known, with moderate 





r-z 




S> 



v** 1- A".' r" 




TTmriJ3Qa|&? 


• ft A.- ’i-l A i f • 












y.‘ 





_ 




Fig. 4. — A, the spleen in erythroleukosis ; B and C, the kidney in erythro- 
leukosis ; D, the difference in size and in character of the lymphoid cells seen in 
erythroleukosis and the lymphocytes of the thymus. 

enlargement of the liver, appears to be the most striking feature of 
the gross postmortem examination. The size of the normal spleen is 
about 0.25 per cent of the weight of the body (Pickens -°). In twenty- 
nine cases of erythroleukosis with an average weight of body of 863 


21. Helly (footnote 12, second reference). 
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Gm., the weight of the sj^leen varied between 0.5 and 21 Gm., with an 
average of 6.1 Gm. (0.71 per cent of the weight of the body). This 
relatively low average is due to the fact that in some mild cases the 
spleen was only slightly enlarged and to the fact that in the atypical 
cases (178 and 269) it was below normal (0.05 per cent and 0.06 
per cent of the weight of the body). 

The color of the spleen is grayish brown, uniformly or with a fine 
mottling of minute pale grayish areas. It is moderately firm. 

The involvement of this organ seems to begin by the accumulation 
of lymphoid cells in the pulp until by progressive accumulation they 
encroach on the follicles (fig. 4). This process is comparable to 
the compression of the granulocyte-containing trabeculae of the marrow 
by the proliferating lymphoid cells in the sinusoids (Ellermann ^) . 

Spontaneous rupture of the enormous spleen was the immediate 
cause of the death of fowl 698. 

Thus stasis of the l 3 anphoid cells in capillaries is the dominant 
feature of erythroleukosis. This, although most constant in the blood- 
forming organs, is by no means limited to them. 

Other Organs: Of the other organs, the kidney (fig. 4 5 and C) 
and adrenal gland are frequently afifected to a moderate degree. The 
involvement of the lung and heart is likewise common, but less extensive. 
In mild cases the stasis is localized to parts of the organs, depending 
apparently on the sluggishness of the flow of blood in these areas. Less 
frequent and less extensive is the involvement of the thymus (fig. 4 D) 
and thyroid glands, and distinct stasis in the pancreas has been observed 
in only one severe case (661). 

Among the organs rarely affected, the nervous system is of particular 
importance because of its frequent involvement in paralysis and lymph- 
oid leukosis of the fowl (cf. Pappenheimer -^) . In only one case 
(that of fowl 651) did I see slight leukostasis in the lumbar nerve. 
The ovary, testes and ganglions were found to be free from leukostasis. 

Hemorrhages, particularly in the muscles, are frequently seen post 
mortem. Secondary parenchymatous degenerative changes, particularly 
marked in the kidney, are common, but have not as yet been studied 
closely. 

Comment . — A progressive growth of lymphoid erythroblasts appears 
to be the essence of erythroleukosis. It would seem that the bone 
marrow is the first organ where the stasis caused by the multiplying 
.lymphoid cells becomes manifest. This is then followed by a similar 
change in the spleen and in the liver and involvement of the other 

22. Pappenheimer, A. j\I. ; Dunn, L. C., and Cone, V.: J. Exper. Med. 49:63 
and 87, 1929. 
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organs. This sequence of events is probably connected with the rate 
and character of the flow of blood in various organs, leading to retention 
and multiplication of cells. 


CASE HISTORIES 

The histories of a few cases will be reported in illustration of 
erythroleukosis. The first two of these cases are typical as described 
and require no further comment. 

Erythroleukosis of Erythroblastic Type. — Fowl 328 weighed 660 Gm. on 
Julj' 20; it was inoculated intravenously with an emulsion of organ of fowl 268 At. 
On August 9, the white blood cells numbered 40,800 and the red blood cells 
2,060,000; the differential count was normal (see table 2) on September 27, and 
17. On October 3 the comb was slightly pale, but the blood smear appeared 
normal ; on October 4 both red and white cells were decreased in number, and 
the blood smear showed pronounced erythroleukosis (see table 2). The bird died 
following the removal of 9 cc. of blood from a vein of the wing. 

Postmortem examination showed a moderately emaciated fowl, with large 
amounts of clear, yellowish fluid in the peritoneal cavity. The thymus was not 
enlarged. A'luch clear, frothy liquid escaped from the lungs on slight pressure. 
The liver weighed 70 Gm. ; it was brittle and reddish brown with a slight grayish 
hue. The spleen weighed 12 Gm. and was reddish brown. The kidneys were pale 
grayish brown. The mucosa of the duodenum was spotted with minute red areas. 
In the cecum numerous whip-worms were found. The bone marrow of the femur 
and tibia was grayish, and the consistency was increased. The humerus contained 
air. 

Alicroscopic examination revealed that the capillaries of the liver were enor- 
mously distended and filled with lymphoid cells. In the portal tissue there was 
a mild infiltration with small lymphocytes. A'lyeloid metaplasia was absent. The 
hepatic cells were filled with small fat droplets ; they appeared to be compressed 
and showed in some areas necrotic changes, caused apparentl}’' by leukostasis. 
The marrow was crowded with lymphoid cells located in apparently endothelial- 
lined spaces. Granulocytes and small lymphocytes were seen in very small foci 
only. The pulp of the spleen was likewise packed with lymphoid cells. Stasis was 
pronounced in the kidney and adrenal gland, but was remarkably absent from 
the ganglion attached to the adrenal gland. 

Erythroleukosis of Lymphoid Cell Type. — On January 16 fowl 656 weighed 
770 Gm. ; it was inoculated intravenously with 2 cc. of plasma of fowl 365. On 
Februarj’^ 20, the number of white cells did not seem to be increased, but there 
were among them many large lymphoid cells (see table 2). Several erythroblasts, 
many of them of the early type, were seen on February 25 ; an enormous increase 
of large lymphoid cells (white blood count, 182,000), some with double nuclei, 
many with vacuolated cytoplasm, was observed, and occasional myelocytes. The 
bleeding time was greatly prolonged, the clotting of the blood being incomplete 
after one and one-quarter hours. (The blood of two control fowls clotted com- 
pletely within three and one-half and four minutes.) 

At autopsy the weight was 975 Gm. The breast muscle was strong, the comb 
and mucous membranes were very pale; there were numerous hemorrhagic areas 
in the muscles ; a moderate amount of serous liquid exuded from the lung. The 
liver weighed 59 Gm., was grayish brown and moderately firm and showed numer- 
ous minute grayish streaks and spots. The spleen weighed 4 Gm., and was rela- 



18 


ARCHIVES OF PATHOLOGY 


tively more enlarged than the liver ; it was slightly firm, with a meaty consistency, 
pale and gra 3 n’sh ; the follicles were just visible. The testes were small. The 
kidneys were pale and appeared slightl}' swollen. The bone marrow (of the femur 
and tibia) was pale, uniformly grayish brown,' resembling the spleen in color. 
The consistency appeared to be slightly increased. "Several minute hemorrhagic 
spots were found in the mucosa of the duodenum and to a less extent in the 
small intestine proper. There were several whip-worms in the cecum. The cecal 
follicles were much swollen, and their surface showed hemorrhagic spots. 

Microscopically, the bone marrow was almost entirely composed of densely 
packed Ij'mphoid cells. The capillaries of the liver were studded with similar 
cells, and in this organ there were a few small perivascular lymphocytic accumu- 
lations. In the pulp of the spleen, h'mphoid cells were abundant. There were pro- 
nounced leukostasis in the kidney and marked stasis in certain areas of the 
thymus, duodenum and cecal follicle. In the latter two organs coccidia were 
numerous. 

Erythroleiikosis with Myeloid Leukosis. — Fowl 655 weighed 700 Gm. and was 
inoculated intravenously with 0.5 cc. of blood of fowl 365 M. on Januarj' 16. On 
February 28 a smear showed erythroleukosis (see table 2). On March 3 the 
breast muscle was strong, the bird active, the comb moderately pale with a slight 
yellowish hue; the white blood count was 33,000; the red blood count, 1,730,000; 
the hemoglobin, 25. The blood clotted completely in three minutes. In a smear 
were seen numerous erythroblasts, many of them primitive, several large lymphoid 
cells and occasional myelocytes. On February 6 there was no marked change. 
On March 17 a smear (see table 2) showed moderate anemia, the very immature 
forms wanting. The chicken died on March 24. It was emaciated, weighing 555 
Gm. All the organs were pale; the thymus was very small. In the lung there 
were several areas containing mucopurulent material near the large bronchi, and 
also reddish-brown consolidated areas involving not over one tenth of the lung 
substance. The liver weighed 28 Gm. ; it was reddish brown with a fine network 
of j^ellowish-gray areas. Its consistency appeared increased. The spleen weighed 
1 Gm. ; it was pale and gra 3 dsh and the follicles were not visible. The bone mar- 
row was uniformly pale grayish brown. The gra 3 dsh color and increased consis- 
tenc 3 ' of this organ were the only appearances at gross examination suggesting 
leukemia. 

On microscopic examination the marrow showed maximum h 3 'perplasia formed 
by m 3 ’eloc 3 ^tes, as well as by lymphoid cells. In the sinusoids there were also 
erythroblasts in all stages of maturation, with a dominance of the lymphoid forms. 
In the liver there were several small perivascular myeloc 3 'tic foci, and there was 
slight stasis of b’^mphoid cells in the capillaries ; some lymphoid cells formed also 
small extravascular foci. In the kidney and heart there was mild leukostasis. In 
the lung there were large areas of necrosis surrounded with inflammatory exudate. 

Comment: This case is remarkable (1) for the disappearance of 
erythroblasts from the circulation about seven days before death, (2) 
for the inconspicuousness of the gross pathologic appearances in the 
liver and spleen, (3) for the intensity of the myeloid h)’^perplasia, which 
was combined with erythroleukosis, and (4) for the purulent infection 
of the lung, which might have been responsible for the atypical course. 

Erythroleukosis zvith Slight Myeloid Involvement. — On January 16 fowl 681 
weighed 790 Gm. ; it was inoculated intravenously with 1 cc. of blood of fowl 465 
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after the blood had been treated with distilled water.is On February 28 a smear 
was suggestive of er 3 'throleukosis (see table 2). On March 3 the comb was red 
with a faint yellowish hue, the breast muscle fairlj' strong, and the bird active. 
The white blood cells numbered 137,000 (see table 2) ; the red cells, 2,650,000. 
The hemoglobin was 42. In a smear erythroblasts were few; the picture was 
dominated by large lymphoid cells, several of which showed double nuclei and 
most of them vacuolization of the cytoplasm. On March 5 occasional mitotic 
figures and myeloc 3 des were seen; the smear otherwise appeared as on March 3. 
On March 11 the white blood count was 315,000, the red blood count 1,040,000, 
the hemoglobin, 23 ; clotting of the blood was complete in ten minutes, and numer- 
ous large mononuclear cells were seen, similar to those observed in m 3 '^eloid 
leukemia, some of them with large purple granules. M 3 ’^eloc 3 "tes and polymorpho- 
nuclear leukocytes were absent. Erythroblasts in all stages of development and 
primitive lymphoid cells were abundant. Mitotic figures were numerous. The 
fowl died on March 12. 

At autops 3 ’^ it was moderate^' emaciated, weighing 800 Gm. The comb was 
pale and slightl 3 '^ yellowish. The th 3 -mus was small and grayish. The lungs were 
pinkish and apparently normal. The heart was pale brown, with injected blood 
vessels. The esophagus and trachea were free. The liver weighed 71 Gm. and 
was distinctly gra 3 dsh brown on the cut surface, with a fine grayish-white mot- 
tling. The spleen weighed 6.5 Gm. ; it was slightly firm ; the cut surface was 
grayish brown; the follicles were very minute. The bone marrow was uni- 
formly gra 3 dsh and resembled the spleen in color. The kidney was pale. The 
intestinal tract showed no marked abnormalities with the exception of the cecum, 
which showed a few minute hemorrhagic spots. The microscopic picture of the 
organs was that of pronounced erythroleukosis similar to that in case 328 described 
in foregoing paragraphs ; myeloid involvement was slight and was localized in the 
liver and adrenal gland. 

Erythroleukosis. — The development of leukemia in fowl 728 is well reproduced 
in table 2. The terminal blood picture suggested a myeloid complication, yet the 
microscopic picture of the organs was that of pure erythroleukosis. 

Atypical (Aplastic?) Erythroleukosis. — Fowl 269 was first inoculated on Jan. 
4, 1929, with material from fowl 177 E, with negative result. On Jan. 16, 1930, 
the bird (weight, 1,750 Gm.) was reinoculated with blood from fowl 365 M. The 
subsequent development of a blood picture suggesting erythroleukosis is given in 
table 2. The severe anemia, not observed to such an extent in typical cases of 
erythroleukosis, is noteworthy. Weakness of the leg was noted on April 3. 

At autopsy, on April 8, the body weighed 1,450 Gm. and was moderately 
emaciated; the comb and organs had a pronounced icteric color. The liver was 
yellowish brown, and weighed 34 Gm. ; the consistency appeared slightly increased. 
The spleen was small (0.75 Gm.). The bone marrow appeared to be partly yel- 
lowish gray and fatty, and partly grayish brown. The kidney was yellowish 
brown. The heart was somewhat dilated and flabby. 

On microscopic examination the bone marrow showed advanced hyperplasia 
composed chiefly of densely packed young polymorphonuclear leukocytes and their 
precursors and to a less extent large lymphoid cells. In the capillaries of the 
liver, cells laden with yellowish-brown pigment were numerous. Leukostasis was 
indistinct and occurred to a very slight degree in a few capillaries onl 3 ^ In the 
periportal area there was a proliferation of large mononuclear cells with strongly 
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basophil cytoplasm and of myelocytes. In the spleen, which showed no specific 
involvement, pigment cells were abundant. 

Comment : This case is noteworthy, for at gross examination there 
was no indication of the erythroleukosis suggested by the blood picture 
before death, and in the microscopic picture of the blood-forming 
organs the changes characteristic of erythroleukosis were indistinct. 
Since this and the similar case, in fowl 178, have not been transmitted 
it remains uncertain whether they were caused by the transmissible 
agent of the leukemia of fowls; their designation as erythroleukosis 
may be disputed. 

Eryihrolcitkosis of Erythroblastic Type Ending in Recovery. — The diagnosis 
in the case of fowl 715 was based on the examination of blood (see table 2). 

Erythroleukosis with Sareoma. — Fowl 675, on January 16, weighed 845 Gm. ; 
it was inoculated intravenously with 0.5 cc. of blood of fowl 365 after the blood 
had been treated with distilled water. Blood smears taken repeatedly from Feb- 
ruary 20 until April 26 were negative. On April 29 a smear showed the picture 
of erythroleukosis. The bird died on May 6. On six successive days preceding 
death the fowl was fed with liver extract by Dr. Amano, who observed during 
this period a drop in the count of red blood cells to 1,000,000 and a simultaneous 
disappearance of the early erythroblasts. Hemorrhage from the liver was the 
immediate cause of death. The weight of the fowl post mortem was 1,070 Gm. 
The lung was pinkish, the heart pale and the kidney yellowish brown, but other- 
wise there were no marked changes. The liver was brittle and weighed 119 Gm. ; 
it was motttled with numerous minute grayish-white nodules and contained sev- 
eral prominent whitish nodules varying in size from a few millimeters to about 
3 cm., many of which were yellowish in the center. These nodes, unlike h'mphoid 
tumors, did not emulsify easily and, when cut, formed small coherent particles. 
In the spleen, which was pale grajdsh and weighed 3.5 Gm., there was one tumor 
node of about 1 cm. across. A similar, but slightly firmer, tumor was found- in 
the skin of the neck. The bones were somewhat soft, and in those containing 
marrow there was proliferation of fibrous bony tissue from the endosteum, in 
some places obliterating the cavity almost entirel 3 ^ The marrow obtained from 
the femur was red ; that from the tibia was greenish gray, the greenish color 
suggesting necrosis. The microscopic picture of the tumors of the spleen, liver 
and skin showed a great resemblance. They were formed by large, round, poly- 
morphous, or less frequentb' somewhat elongated, cells and were diffusely infil- 
trated with leukocytes. In the tumor of the skin there was abundant reticulum. 
It contained numerous mitotic figures and infiltrated the muscle tissue diffusely. 
In the parts of the liver that were not grossl}^ invaded by the tumor, lymphoid 
cells crowded the sinusoids and small foci of tumor cells and foci of m 3 'eloci'tes 
were seen. Leukostasis was not found in the kidney, adrenal gland and heart, 
and was indistinct in the spleen. 

Comment : This and another similar spontaneous case (that of fowl 
515), to be described in later paragraphs, give rise to the thought that 
er 3 -throleukosis may be secondary to a tumor. 



Table 3. — Blood Counts in Spontaneous Erythroleukosis and Experimental Anemia 
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The relation of the erythroleukosis to the osteosclerosis in which 
the marrow is partly or wholl)'^ obliterated by bone -needs further inves- 
tigation. 

SPONTANEOUS ERYTHROLEUKOSIS 

There are no data available on the occurrence and incidence of spon- 
taneous erythroleukosis among fowls. Those who have observed 
erythroleukosis did not distinguish it from myeloid leukosis or pre- 
sumably considered it lymphoid leukemia. 

Hare in cooperation with us found among 490 autopsies of fowls 
22 spontaneous cases of leukosis, of which 3 resembled erythro- 
leukosis. The data available on these cases are not sufficient for a full 
description. An “epidemic” of spontaneous erythroleukosis on a Penn- 
sylvania farm is now being investigated by Biltz, Stubbs and myself. 

Several cases of presumably spontaneous erythroleukosis have been 
observed in this laborator}'^ among fowls not inoculated with leukemic 
materials. Their history will be fully described here. 

Case of Spontaneous Erythroleukosis . — On Sept. 7, 1929, fowl 356 showed 
slight paleness, and on November 11, a relative lymphocytosis (for differential 
counts see table 3). On Feb. 11, 1930, a blood smear suggested incipient erythro- 
leukosis. On February 26 the breast muscle was fairly well developed, the comb 
red, the weight 1,460 Gm. ; the white blood cell count was 39,000, the red blood 
cell count 2,695,000, the hemoglobin 56 ; blood clotting was normal ; the blood 
smear was as on February 11. On April 2, the blood smear was qualitatively 
erythroleukotic, but the number of immature red cells was scant. On May 2, a 
blood smear taken about one hour preceding death showed an abundance of early 
erythroblasts and lymphoid cells, some in mitotic division, and occasional myelo- 
cytes. 

The weight of the fowl post mortem was 1,200 Gm. Its body was infested with 
a variety of ectoparasites. The skin and organs were pale; the breast muscle 
was fairly strong. The abdomen was much distended by clear, yellowish exudate. 
The liver was grayish brown and weighed 77 Gm. ; it wag studded with prominent 
yellowish-gray or yellowish-white nodules, varying in size from 1 to 3 mm. Only 
the upper third of the right side of the liver was free from such nodules. The 
spleen weighed from 3 to 5 Gm. and was uniformly pale grayish brown ; its con- 
sistency was slightly increased. The bone marrow (femur) was pale and grayish 
brown ; its consistency was likewise increased ; it contained numerous minute 
nodules similar to those seen in the liver. The mucosa of the descending loop of 
the duodenum appeared to be swollen and hemorrhagic ; similar areas were found 
also in the mucosa of the ascending part of the duodenum and in the small 
intestine. 

On microscopic examination, pronounced stasis of lymphoid cells was observed 
in the liver. The nodules described were formed by myelocytes, many of them 
in the stage of mitotic division. In the upper part of the right lobe of the liver, 
which on gross examination appeared to be free from grayish nodules, the micro- 
scopic picture was that of erythroleukosis, with only one small myelocytic focus. 
The hyperplasia of the marrow was extreme, partly (about one-third) mj’^elocytic 
and partly (about two-thirds) lymphoid. In the other organs, including the spleen, 
only stasis of lymphoid cells was noted, to a varying degree. 
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Comment: The qualitative blood picture revealed er 3 dhroleukosis at 
a time when the number of red cells was not appreciably diminished 
and when the amount of hemoglobin was sufficient. These observations 
indicate that spontaneous erythroleukosis, like transmitted erythroleu- 
kosis, does not develop from preexisting anemia. Temporary improve- 
ments in the qualitative blood picture have likewise been observed among 
the birds inoculated with leukemic material. 

Spontaneous Erythroleukosis with Sareonia. — Fowl 515, a barred Plymouth 
Rock capon, on November 1, appeared ill, showing weakness of the leg. The white 
blood cell count was 11,000 and the red blood cell count 1,570,000; the hemo- 
globin was 53. In a blood smear numerous pob'chrome red cells and polychrome 
er}nhroblasts, a few basophil erythroblasts and occasional primitive lymphoid cells 
were seen (table 3). Three daj's later the fowl was found dead. 

Post mortem the weight was 2,600 Gm. ; the breast was fairly well developed ; 
there was much fat in the abdomen and in the subcutaneous tissue; the thymus 
was small. The heart was studded with grayish, moderately firm, prominent 
nodules, from 1 to 4 mm. in diameter. About two thirds of the lungs was con- 
solidated, yellowish gray and adherent to the wall of the chest. The liver weighed 
103 Gm. and was reddish brown with a slight grayish hue containing four large 
(from 1 to 2 cm.), and several smaller, grayish nodules. The spleen weighed 7.5 
Gm., was soft, red and slightly grayish, and the follicles were prominent. The 
kidney was soft, brown and slightly grayish. In the left caudal lobe there was a 
tumor node, about 2.5 cm. in diameter, and a tumor about twice this size infiltrated 
the perineum. The marrow of the femur and tibia was reddish brown and dis- 
tinetb' grayish, and its consistency was increased. 

On microscopic examination some capillaries of the marrow were filled chiefly 
with lymphoid cells, although not as densely packed as in most cases of erythro- 
leukosis ; others appeared to contain normal blood. Granulocytic tissue was scant. 
In the liver, as well as in the spleen, there was from mild to moderate stasis of 
lymphoid cells. The microscopic picture of the tumor itself was that of a sarcoma 
exhibiting great variability of the neoplastic cells from elongated or spindle-shaped 
forms to the large, round or polygonal type. There was mild, but distinct, stasis 
in the kidney and adrenal gland. In the latter organ there were also large foci 
formed by myelocytes and young polymorphonuclear leukocytes. 

Comment ; The observation of spontaneous erythroleukosis in 
association with tumor suggests the possibility that er 3 Throleukosis 
might be secondary to tumor. The data available do not permit any 
definite conclusion with regard to this possibilit 3 n A similar case (that 
of fowl 675) has been described. 

Atypical Leukemia- Associated xvith Osteosclerosis. — On Sept. 21, 1929, fowl 
441 weighed 1,150 Gm. On October 2, about 0.3 cc. of tar was injected into the 
marrow of the left femur; the marrow at the same time was partiallj’^ destroyed. 
On November 22 the cavity of the right femur was cleaned- with a solution of 
sodium hypochlorite and filled with gutta-percha rods. A blood smear of Feb. 
25, 1930, appeared normal. On May 21 (see table 3) the circulating blood 
appeared to be flooded by white cells, exceeding the red cells in number (the 
white blood count was 930,000 and the red blood count 560,000). The neoplastic 
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cells resembled large b^mphocytes. Mitotic figures were numerous. There were 
no transitional forms in any direction to establish the potentialit}’- of these cells. 
On Ma 3 " 28, the bird was dying and was killed. 

At autopsy, the chicken was moderately emaciated, weighing 1,650 Gm. The 
liver weighed 40.5 Gm. and was uniforml)'^ pale grayish brown. The spleen had 
a similar color and was much enlarged (8.5 Gm.) ; the follicles were just visible. 
The left femur was almost entirely ossified; the small amount of marrow that 
could be obtained was pale grayish. The right femur was likewise ossified, enclos- 
ing the inserted gutta-percha sticks. The process of ossification in the tibia was 
much advanced, but somewhat less complete than that of the femurs. The 
humerus contained air. The cavity of the ribs was likewise narrowed. The 
heart was pale grayish and dilated, and measured 3.5 by 5 by 1.7 cm. The para- 
thyroid gland appeared normal. The intestinal tract seemed free from parasites 
with the exception of one ascaris in the distal part of the duodenum. The cecal 
follicles were much swollen and reddish on the surface. They measured 1.2 by 
0.5 by 0.6 cm. 

On microscopic examination, the liver showed pronounced stasis formed by 
cells closelj' resembling the b^mphoid cells of erythroleukosis, from which they 
could not be differentiated on morphologic grounds. The character of these cells 
as seen in smears prepared from this organ was similar to that of the cells seen 
in erythroleukosis. In the bone marrow there was extreme hyperplasia, formed 
almost exclusively by similar cells; only a few foci of myelocytes were seen. The 
microscopic picture of the spleen likewise resembled that seen in severe erythro- 
leukosis, and stasis was marked in the lung, heart muscle and kidney. Attempted 
transmission to twelve fowls has been unsuccessful. 

Comment : The case described is unique. The pathologic picture was 
that of osteosclerosis with severe erythroleukosis, but the blood picture 
was dominated by medium and large cells resembling lymphocytes, 
exceeding the erythroc}d;es in number. Erythroblasts were absent. Most 
remarkable was the absence of pronounced basophilia and of nucleoli 
in most of the leukocytes of the blood. The lymphoid cells that formed 
the stasis in the liver had, on the other hand, the morphologic character 
of the early forms of lymphoid erythroblasts. 


SPONTANEOUS GRAVE ANEMIA UNASSOCIATED WITH 
ERYTHROLEUKOSIS 

A grave anemia of fowls was recently described in England by 
Bedson and Knight.^ This anemia is associated with an enormous 
increase of lipochrome in the circulating blood, causing a 3^ellowish 
discoloration of the skin and internal organs. The bone marrow' shows 
erythroblastic hyperplasia, but in some instances it is replaced by bone. 
The mononuclear phagoc3Tes of the spleen and liver are filled with blood 
pigment. The constant absence of stasis of tymphoid cells in the liver 
and other 'organs appears likewise to differentiate this condition from 
er3i;hroleukosis. 
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This anemia appears to be chronic and more benign than erythro- 
leukosis, and its causative agent produces only transient anemia when 
passed from sick to healthy fowls. 

Subsequently Bayon described thirty similar cases, which occurred 
only in hens of one breed (white Leghorn). All the affected hens were 
found to harbor a minute cestode, Davaiiia proglotfina, in the duodenum. 
This parasite, Bayon assumed, creates a predisposition to an infection 
with a hypothetic endocellular microbe (“microplasm”). Osteosclero- 
sis was likewise found by him in several instances. The formation of 
osteoid tissue was in his opinion a process secondar}'- to the invasion of 
the marrow. 

The contributions of Bedson and Knight and Bayon reached me when 
the material presented here was about to be reported. It would seem 
that none of the cases described here as erythroleukosis, except perhaps 
a few at3'^pical cases mentioned, fall within their definition. 

Case of Grave Anemia . — A white leghorn hen, no. 235, was received through 
the courtesy of Dr. Hare on April 10. The hen was well nourished and active, 
but very pale and yellowish, and its body was full of lice. The examinations of 
the blood (table 3) showed severe anemia. The condition of the bird seemed 
unchanged until June 26 when 12 cc. of blood was drawn from the neck for 
transfer. Death occurred three days later. The bird was very fatty, pale and 
yellowish. The liver was fragile, yellowish and mottled with small brownish 
areas. The spleen was brown and about twice the normal size. The marrow 
of the femur and tibia was pale grayish brown. On microscopic examination, only 
very slight stasis was found in the liver, which showed large areas of necrosis, 
diffuse degeneration and small foci of granulocytes (young polymorphonuclear 
leukocytes and myelocytes). The bone marrow was hyperplastic, but the hyper- 
plasia was chiefljf granulocytic and lymphocytic. Tranfers of an emulsion of 
organs to six fowls and of blood to four fowls had negative results. 

Comment : Cases such as this have been described by Ellermann as 
"simple anemia,” which he assumed was caused by the leukemic virus 
and represented an aplastic variety of erythroleukosis. This idea is not 
well supported. Erythroleukosis seems to be a well defined type of 
anemia from which cases such as that just described should be separated 
until their etiologic relationship is proved. 

EXPERIMENTAL ANEMIAS IN THE FOWL 

The numerous studies on the experimental production of anemia of 
the fowl will not be reviewed because in none of them is the develop- 
ment of erythroleukosis described. It seemed desirable to reinvestigate 
the possibility of producing erythroleukosis by prolonged bleeding and 
by the administration of blood poisons. 

23. Bayon, H. P. : Parasitology 21:339, 1929. 
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Kasarinofif did not support his assertion that a leukemic blood 
picture may be produced in the fowl by the administration of blood 
poisons by examination of the blood-forming organs, nor has it been 
confirmed by similar studies of other investigators. 

Anemia Produced by Bleeding . — ^After heavy bleedings (from 20 to 
50 cc.) there was a transient appearance of polychrome er 3 ^throcytes in 
the circulation. The capacity of the fowl to regenerate erythrocytes on 
repeated bleeding appears to be so powerful that the attempt to produce 
erythroleukosis by this means has been abandoned. The possibility that 
continuous loss of small amounts of blood over a longer period of time 
would result in erythroleukosis is conceivable, though not probable. 

The history of one fowl is briefly given as an example of these 
investigations. 

Fowl 315, on Julj^ 25, weighed 1,090 Gm. From November 14 until December 
14 a total of 389 cc. of blood was removed in fourteen sessions. The fowl died 
three days after the last bleeding from an intercurrent purulent infection of the 
respiratory tract. Preceding the bleedings (July 25) the red blood count was 
2,250,000, and three days after the last bleeding it was 2,390,000. The microscopic 
examination of the femoral marrow, liver and spleen did not show any indication 
of erythroleukosis. 

Anemia Produced by Injection of Pyrodine . — Pyrodine (acetyl- 
phenylhydrazine) was found effective in producing erythroblastic hyper- 
plasia of the marrow, as well as in promoting the appearance of 
erythroblasts in the peripheral circulation. Unlike the blood picture in 
er}1;hroleukosis, that in pyrodine poisoning is dominated by pol 3 'chrome 
red cells and maturing erythroblasts. The h 3 ^perplasia of the marrow 
is erythroblastic, with numerous transitional forms to erythrocytes, and 
not l 3 fmphoid as in erythroleukosis. In one case (that of fowl 245) the 
h 3 ^perplasia of the marrow had some resemblance to that in er34hroleu- 
kosis, but in no instance was stasis of lymphoid cells in the liver or 
spleen observed. In the capillaries of the liver pigment-laden Kupffer 
cells are abundant, and similar cells are likewise numerous in the spleen. 
As an example of this series of experiments the histories of two fowls 
are given. 

On June 22, 1929, fowl 292 weighed 837 Gm. The white blood cell count was 
53.000; the red blood cell count, 2,890,000. On June 28 and July 25 the fowl was 
given ten injections of pjTodine (from 0.5 to 1 cc. of saturated waterj^ solution) 
subcutaneous^ In addition, from November 29 until Jan. 18, 1930, twenty-four 
intravenous injections of pyrodine were given. The first dose was 2 mg. and was 
increased subsequent!}" to from 10 to 100 mg. The blood count twent 3 "-four hours 
after the fourth injection (100 mg. on December 4) was: red blood cells, 835,000; 
white blood cells, 23,500. In a smear polj'chrome red cells and erythroblasts were 


24. Kasarinofif: Folia haemat. 10:391, 1910. 
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numerous, but early er 3 ^throblasts were scant. Two da 3 ^s later there .was an 
improvement in the blood picture, and 100 mg. of pyrodine was injected, and doses 
of similar size were administered until death occurred. The extent of rapid 
regeneration is illustrated by the following figures : December 12, twenty-four 
hours after injection of 80 mg. of p 3 'rodine, the red blood cell count was 740,000; 
two days later, it was 1,530,000, and four days later the blood smear appeared 
normal. On December 31 the red blood cell count was 440,000 and the hemoglobin 
was 10; on January 14, the red blood cell count was 745,000 and the hemoglobin 
14. Death occurred twent 3 '-four hours after the last injection. The fowl was 
pale and emaciated. The liver was chocolate-brown and ver 3 ' slightly enlarged ; the 
color of the spleen was similar to that of the liver; it was not enlarged. The 
marrow was reddish brown, soft and juic 3 ^ Numerous ascarides were found in 
the duodenum. In the capillaries of the liver there were numerous brown, pigment- 
laden Kupffer cells. Similar cells were abundant in tbe pulp of the spleen. The 
bone marrow was ver 3 '’ hyperplastic; the h 3 'perplasia was mainly erythropoietic, 
with numerous transitional forms to erythrocytes and to a lesser extent granulo- 
cytic. The granulocytes were represented chiefly by young polymorphonuclear 
leukocytes. Fat was wanting. Leukostasis was not found in the blood-forming 
organs, the adrenal gland and the heart muscle. 

Fowl 245 was killed two days after two intravenous injections of 20 and 40 
mg. of pyrodine, given with an interval of twenty-four hours. The blood counts 
before death were: red blood cells, 1,040,000; white blood cells, 22,500; hemoglobin, 
20. Pol 3 ’chrome erythrocytes and erythroblasts were in enormous numbers in the 
circulating blood, but few basophil erythroblasts were seen. The body was that 
of an apparently healthy, somewhat fatty fowl. The liver was yellowish with 
some chocolate-brown hue ; it was of normal size. The spleen was purplish red, 
of about normal size; the follicles were prominent. The bone marrow of the 
femur was reddish brown, somewhat fatty and interwoven with numerous bony 
spicules. In the liver and spleen the appearances were somewhat similar to those 
in the same organs of fowl 292. The pulp of the spleen was studded with pig- 
ment-laden cells ; the capillar 3 ' mantle of Schweigger-Seidel, however, which has 
been maintained to be a part of the “reticulo-endothelial S3"stem,” was appar- 
ently free. About one half of the marrow was fat, but the remaining part was 
composed of lymphoid cells similar to those seen in erythroleukosis, with many 
of them in mitotic division. 

The effect of ricin and of tolylenediamine was studied in a similar 
manner in three fowls each, and of saponin in four other fowls. 
Erythroleukosis did not result from these procedures. 

Comment : It would seem that within a few days the fowl is capable 
of regenerating its entire volume of blood when it has been gradually 
destroyed by pyrodine and can repeat the process a number of times 
before this function is overcome. 

The appearance of early erythroblasts in the circulating blood of 
anemic fowls is not surprising. The blood-forming organs of the lower 
vertebrates would seem less capable of retaining immature er3dhrocytes 
than is the marrow of man, for in the circulating blood of the lower 


25. Staemmler, M. : Virchows Arch. f. path. Anat. 255:585, 1925. 
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vertebrates multiplication and maturation of erythroblasts may even be 
physiologic (cf. Freidsohn and Dawson"'). 

Characteristic of the anemia produced by pyrodine in contrast with 
erythroleukosis is the absence of leukostasis in the organs and the 
erythroblastic hyperplasia of the marrow with pronounced maturation. 
This is manifested by the character of the sinusoids, which contain 
mature erythrocytes in the central parts and erythroblasts near the 
periphery of the lumen. 

COMMENT 

Nature of Erythroleukosis . — The data presented on the transmissible 
leukosis of fowls are well explained by the assumption of a stem cell 
common to both erythroblasts and m3'^eloblasts (lymphoid cell of the 
marrow, according to Pappenheim).-® This cell in all probability resem- 
bles the large lymphocyte (cf. the case of fowl 441), but is not neces- 
sarily identical with it. It may mature in either of two directions, 
depending on the chemical or physicochemical factors created chiefly by 
their relation to blood channels (Hoogland -”). Timofejewski and 
Benewolenskaja incubated lymphoid cells from acute “myeloblastic” 
leukemia of man and observed their maturation into myelocytes on the 
one hand and into erythroblasts on the other hand. 

The erythroleukosis and m^^eloid leukosis of fowls appear to consist 
of a tumor-like growth of immature blood cells deriving from this stem 
cell, the maturation of which is arrested at an early stage. The regen- 
eration of the blood cells is unlike that seen under physiologic conditions 
(see Sabin'). There is no evidence of a proliferating endothelium, 
whereas mitosis among the primitive cells is abundant. The frequent 
observation that the larger blood vessels show no marked increase of 
lymphoid cells, but that the capillaries are studded with them, points to 
some factors directed toward a retention of immature cells in the 
capillary bed. 

Ellermann rejected this conception as lacking a basis of observed 
fact. He assumed that erythroleukosis is similar to pernicious anemia 
in man, and that both a hypothetic toxin destroys the hemoglobin- 
containing cells, but spares the “erythrogonies.” The data presented 

26. Freidsohn, A.: Arch, f. mikr. Anat. 75:435, 1910. 

27. Dawson, A. B. : Anat. Rec. 45:177, 1930. 

28. The h^mphoid cells of the marrow are assumed by Naegeli and b 3 " Hirsch- 
feld to be myeloblasts and bj^ Hellj’^ to be erythrogonies. 

29. Hoogland, H. J. M., in von Heelsbergen, T. : Handbuch der Geflugelkrank- 
heiten, Stuttgart, Ferdinand Enke, 1929, p. 474. 

30. Timofejewsky, A. D., and Benewolenskaja, S. W. : Arch. f. exper. Zell- 
forsch. 8:1, 1929. 

31. Helly’s term for lymphoid cells with onh' erythroblastic potencies. 



FURTH— ANEMIAS OF FOWL 


29 


in this report, however, show that, unlike secondary anemia, erythro- 
leukosis is marked by scant destruction of blood in early cases, and 
by the appearance of primitive cells in the circulation while there is yet 
an adequate supply of hemoglobin-containing eiythrocytes. 

Diagnosis of Erythroleukosis. — The diagnosis of erythroleukosis is 
based on ( 1 ) the appearance of earl)^ erythroblasts and l3anphoid cells 
in the blood stream, ( 2 ) lymphoid cell h3fperplasia of the marrow and 
( 3 ) stasis of lymphoid cells in various organs, particularly in the liver 
and spleen. Cases of “simple anemia” with pol3Throme red cells and 
late er3hhroblasts in the circulation, but without abnormalities in the 
blood-forming organs, have not been proved to represent an “aplastic” 
variet3'- of erythroleukosis, as assumed by Ellermann; their relation to 
the transmissible agent of the leukemia of fowls requires further 
investigation. 

Relation of Erythroleukosis to the Anemias of Man. — Henschen 
called attention to the similarit3'^ of erythroleukosis to the “anemia 
infantum pseudoleucemia” of von Jaksch. Common to both are the large 
number of er3'throblasts, the enlarged spleen and the dark, but not 
invariabl3'- hopeless, prognosis. Other characteristics of the von Jaksch 
anemia, such as family occurrence, enormous increase of nucleated red 
cells after splenectom3^ therapeutic failure of splenectomy and liver diet, 
efficienC3'^ of treatment with iron and changes in the bones, have not 
thus far in the bird been systematically investigated. Extramedullary 
hematopoiesis seem to occur more readil3' in anemias of children than 
in those of adults, and occasionall3'' it ma3'^ assume a tumor-like growth 
(Brannan 

Ellermann attempted to coordinate erythroleukosis with pernicious 
anemia in human beings (cf. also McGowan ®). In both, maturation of 
er3i:hrocytes is disturbed at an earlier age than in von Jaksch anemia 
(cf. Me3^er and Heineke^®). Phagoc3qosis of er3qhrocytes may occur 
in er3i;hroleukosis, but is uncommon (Ellermann^). The similarit3f 
seems to be the closest to fetal er3dhroblastosis (von Gierke and to 
at3^pical forms of grave anemia, such as are described by Ferrata and 
de Negreiros-Rinaldi,^^ in which the mature forms of erythroblasts are 
absent from the circulation, whereas their basophil precursors appear in 
considerable amounts. , 


32. Henschen, Folke: Arch. f. wissensch. u. prakt. Tierh. 43 :203, 1917. 

33. Dr. Amano has failed to observe any change in the course of erythro- 
leukosis after the administration of liver extract to si.x fowls. 

34. Brannan, D. : Bull. Johns Hopkins Hosp. 41:104, 1927. 

35. Meyer, E., and Heineke, A.: Deutsches Arch. f. klin. Med. 88:435, 1907. 

36. von Gierke, E. : Virchows Arch. f. path. Anat. 275:330, 1930. 
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SUMMARY 

Erythroleukosis of the fowl is a disease characterized mainly by (1) 
severe anemia, with the appearance of l}-mphoid erythroblasts in the 
circulation, (2) splenomegaly and (3) the accumulation of cells resem- 
bling lymphocytes, presumably j)recursors of er 3 ’^throcytes, in the 
capillaries of the organs, particular!}' of the bone marrow, liver and 
spleen. 

At the beginning of erythroleukosis, erythroblasts usually appear in 
the peripheral circulation while there is still an adequate supply of 
erythrocytes and hemoglobin. In contrast with secondary anemias, the 
number of polychrome erythrocytes in the circulating blood in propor- 
tion to the number of early erythroblasts is not considerable. 

Erythroleukosis has l)een produced by inoculation of blood, organ 
suspension or Berkefeld filtrate of foyvls yvith mymloid leukosis or 
erythroleukosis. It occurs spontaneously, but its natural mode of trans- 
mission is unknoyvn. 

The anemia induced h}'' repeated bleedings or by the administration 
of p}Todine differs from erythroleukosis mainly' h}- the relatiy'ely small 
number of early erythroblasts in the circulation and by the absence of 
leukostasis in organs. 



CARTILAGE IN A SALIVARY GLAND* 


H. E. EGGERS, M.D. 

OMAHA 


In an article on mixed tumors of the palate, the conclusion was 
reached that the theory of embryonic displacement appeared to be the 
most probable explanation of these tumors, particularly as compared 
with the hyi^othesis that the abnormal elements of connective tissue in 



Cartilage in the framework of a salivary gland. 


them are derived from glandular epithelium by metaplasia.’- The speci- 
men reported here, which was received some time after the publication of 
that article, is of interest in this connection. The material was removed 
from the mucosa of the pharynx because of local swelling following 
tonsillectomy in the belief that the enlargement was the result of hyper- 
trophy of the lymphadenoid tissue, a belief which was substantiated by 
histologic examination. However, in a small portion of underlying 
salivary gland that formed part of the material there was observed the 
feature shown in the photomicrograph — a nidus of cartilage located 

* Submitted for publication, Feb. 7, 1931. 

* From the University of Nebraska College of Medicine. 

1. Eggers, H. E. : Mixed Tumors of the Palate, Arch. Path. 6:378, 1928. 
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in the interlobular connective tissue, entirely unassociated with epithelial 
elements, even in sections cut at varjdng depths, and too small even 
to produce deformity of the connective tissue septum. 

It would, of course, be possible to explain the occurrence of this car- 
tilage by the theory of metaplasia, but this would involve the complete 
disappearance of the original epithelium and the development of the 
process without the formation of a tumor. It would seem much more 
probable that the cartilage was the result of inclusion in the connective 
tissue framework of the gland of a cartilage rest, in this case without the 
other elements that contribute to the structure of the mixed tumors, 
and, until the time of its accidental removal, with an absence of the 
unknown factors that lead to the development of a tumor. 



THE OCCURRENCE OF UNIDENTIFIED SPORANGIA IN 
THE TONSIL CRYPTS * 


ALFRED SCOTT WARTHIN, Ph.D., M.D., LL.D.f 
Professor of Pathology and Director of the Pathological Laboratories in the 

University of Michigan 
ANN ARBOR, MICH. 

In about 50,000 tonsils that I have examined during the past thirty- 
five years, two cases stand out as unique in that the tonsillar crypts 
contained spherical bodies having h 3 'aline walls and packed full of 
spores, mostly in an unripe stage. The bodies varied from 30 to 300 
microns in diameter. Larger, irregular, partly collapsed or shrunken 
sporangia containing ripe spores were also present. The histories of 
the patients, with the diagnoses given at the time, are as follows : 

E. B., a woman, aged 21, had frequent sore throat. A tonsillectomy was per- 
formed. The pathologic diagnosis was : chronic hyperplastic tonsillitis ; increase 
of stroma ; hyperkeratosis ; colonies of mouth organisms in the crypts ; mold in one 
crypt, probably Aspergillus, tonsillar mycosis. 

M. S., a girl, aged 11, had frequent sore throat. A tonsillectomy was per- 
formed. The pathologic diagnosis was : chronic hyperplastic tonsillitis ; increase 
of stroma ; hyperkeratosis ; colonies of mouth organisms in the crypts ; abscess 
of a crypt; numerous colonies of a moldlike organism in the keratohyalin of one 
crypt, without radiation, but surrounded by a hyaline zone ; tonsillar mycosis. 

The extreme rarity of this observation has always been a matter of 
interest to me, and the identification of the organisms in the two cases, 
apparently identical, an affair of some concern. That the structures 
were sporangia seemed evident, and this Au'ew has been concurred in by 
all who have seen the preparations. No hyphae were apparent in any 
of the serial sections made of these tonsils. Rhinosporidinm seeberi has 
been the organism lately most frequently considered; and at one time 
a diagnosis of infection with this organism was tentatively made. 
Recently, however, a case of infection with Rhmosporidium seeberi 
came into the laboratory, and the study of this case makes it evident that 
the sporangia in the two cases of tonsillar infection in question are dif- 
ferent from those of Rhmosporidium. Photographs of slides from the 
tonsil were submitted for an opinion to Prof. W.-H. Taliaferro of the 
University of Chicago, whose first impression was that they were 
Rhmosporidium, but on my sending a slide to him, he reversed his 
opinion on the ground that the cytoplasm did not look like that of 
Rhmosporidium, and that the wall around the body did not appear to 
be the chitinoid covering seen in that parasite. Moreover, he thought 

* Submitted for publication, Oct. 22, 1930. 
t Dr. Warthin died on May 23, 1931. 



34 


ARCHIVES OF PATHOLOGY 


that the hyaline wall around the body showed a certain number of nuclei, 
suggesting that the wall was laid down by the host and was not part of a 
parasitic cyst. The absence of nuclei within the parasite he also regarded 
as evidence that it was not Rliinosporidhim. Professor Taliaferro showed 
the slide to Professor Ashworth, during a visit of the latter to Chicago, 
who agreed that the structures were not Rhinosporidhnn. Dr. C. YJ. 
Weller, whose careful and thorough study of a case of infection with 
Rhinosporidiiim has appeared recently,^ likewise did not think that these 
tonsillar parasites were Rhinosporidiuin seebcri, but that they were the 



Fig. 1. — Low power view of an abscess of a tonsillar crypt, containing two 
sporangia with unripe spores and two partlj^ collapsed and emptied ripe sporangia. 


sporangia of some closely related organism. I have found nothing in 
the literature on the tonsil to throw any light on the identity of the 
organism in question. 

As shown in figure 1, the organism consisted of a spherical body with 
a definite, but narrow, hyaline, nonnucleated capsule, around which was 
a layer of thin, flattened, squamous epithelium derived from the epithe- 

1. Weller, C. V.; Rhinosporidiuin Seeberi: Pathological Histology and Report 
of the Third Case from the United States, Am. J. Path. 6:721. 1930. 
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Hum of the crypt. This layer contained the nuclei mentioned by Talia- 
ferro, and was derived from the host and was not part of the parasite. 
It rvas evident that the structui'e had developed within the mucosal 
epithelium. The hyaline capsule was thinner, less hyaline and chitinoid 
than that of Rhinosporidium secbcri, but was well defined. It stained 
pinkish with eosin. Within the capsule was a thickly crowded mass of 
unripe granular spores, staining bluish with hematoxylin. Only an occa- 
sional nucleus could be made out. Two of this unripe form are shown 
in the figure. In addition there are shown two larger, irregular, partly 





’ir"' '’’Nj i P ' L'C'Tjy.,-., ► ■ff'i’l 



Fig. 2. — Higher power view of the unripe sporangia seen in figure 1. 


collapsed sporangia, the spores of which had been in part discharged. 
Ripe spores and a finely granular material were contained in these col- 
lapsed sporangia. The structures were all embedded in the desquamated 
epithelium, which was heavily infiltrated with polymorphonuclear leuko- 
cytes and might have been termed a cryptic abscess. Beyond this there 
was no evident reaction of the tonsillar tissues to the presence of the 
parasite. None was found in the lymphoid tissue or stroma. The 
process was purely a crypt infection. 

In figure 2 a view of the trvo spore-filled sporangia under higher 
power than in figure 1 is given. The hyaline capsule of the sporangium 
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with its applied layer of flattened ejiithelium is well shown. Comparing 
these sporangia with those of Rhinosporiditmi; the chief difference is 
in the thinner, less chitinoid capsule of the organism found in my cases. 
Whether this might be due to the difference in environment between an 
organism growing within the tissues of a nasal polyp and one growing 
in the epithelium of the tonsillar crypts cannot be answered. It is also 
of interest that both my cases occurred in women, whereas R/iinosporid- 
hwi seebcri has been reported as occurring only in male patients. 

In conclusion, it is considered important to record the unique obser- 
vation in the tonsillar crypts of 2 of 50.000 tonsils examined in this lab- 
oratory, of sporangia of an unknown parasite, suggesting a close rela- 
tionship with Rhinosporidium sceberi. 



THE ROLE OF THE ANTERIOR LOBE OF THE 
PITUITARY GLAND IN GROWTH 


WITH SPECIAL REFERENCE TO THE TEETH AND MAXILLAE 
WILLIAM G. DOWNS, Jr., D.D.S. 

NEW HAVEN, CONN. 

It is apparent from a survey of literature on the endocrine glands 
that endocrinologists in general are of the opinion that glands of 
internal secretion markedly affect the growth, shape, size and placement 
of the dentition. With the exce2ition of the work of such men as 
Erdheim,^ Toyofuku ^ and Gies ® as regards the effect of the parathy- 
roid gland on the teeth, these opinions are in large part based on 
empiric and clinical reasoning only. 

My own earlier studies of a clinical nature in this connection reveal 
the fact that variations in form, placement, etc., are largely hereditary. 
Variations in density and spacing, as well as in the surrounding struc- 
ture, are very much higher in all groups showing endocrine dyscrasias, 
but they fail to disclose any regularity in this direction, which would 
make such dental variations symptomatic of endocrine dyscrasias. The 
high percentage of variations in these groups, however, made it seem 
that there was some definite connection between the glands of internal 
secretion and the growth and develojiment of the teeth. It is felt that 
perhaps in approaching this from the clinical iioint of view, one reason 
for the difficulty in obtaining such regularity was the inadequate symp- 
tomatology of endocrine dyscrasias ; that is, it is one thing to diagnose 
a case clinically as of a certain endocrine type but an entirely different 
thing to know beyond a doubt that a dyscrasia of a particular gland 
is actually the cause of the symptoms presented. 

For this reason, it has been deemed advisable to undertake from 
the experimental angle a study of this relationship. Owing to its 

* Submitted for publication, Oct. 3, 1930. 

* From the Yale University School of Medicine. 

* Dr. E. M. K. Ceiling supplied me with the earlier extracts used and Dr. 
E. A. Sharp, of Parke, Davis & Company, those used in the later studies. 

1. Erdheim, J. : Zur Kenntnis der parathyreopriven Dentin- Veranderung, 
Frankfurt. Ztschr. f. Path. 7:238 and 295, 1911. 

2. Toyofuku, T. : Ueber die parathyreoprive Veranderung des Rattenzahnes, 
Frankfurt. Ztschr. f. Path. 7:249, 1911. 

3. Gies, W. J. : Studies of Internal Secretions in Their Relation to the Devel- 
opment and Condition of the Teeth, J. Am. Dent. .A. 5:527, 1918. 

4. Downs, W. G., Jr.: Studies in the Causes of Dental Anomalies, J. Dent. 
Research 8:3, 1928. 
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generally accepted efifect on growth, which has been adequately demon- 
strated clinically and experimentally,® the pituitary gland appeared to 
be the member of the endocrine series most likely to yield definite 
results in this direction. With that in mind, the following study was 
undertaken. As such an investigation covered, to a very great extent, 
uncharted ground, it was necessary to determine first, experimentally, 
what was the most likel}^ means of influencing such growth, and second, 
what were the most clearcut methods for determining the rate and 
the direction of the effect, when obtained. In short, it was necessary 
to become thoroughly familiar with the field concerned. 

Both of these preliminary studies have been done in the present 
instance in the belief that growth, as applied to any individual organ 
or member, is only a part of the general process of growth of the 
organism. The initial stages of the study fell then, naturally, into two 
divisions : investigations as to the general effects of the hypophysis 
on growth, and those concerned with measurements of the effects on 
the teeth and on other organs and tissues. 

5. Cushing, Harvey : The Pituitar}'^ Body and Its Disorders, Pliiladelphia, 
J. B. Lippincott Company, 1912. Dott, N. M.: The Syndromes of Experimental 
Pituitary Derangements, Abst., Eleventh Internat. Cong. Physiol., Edinburgh, 
1923. Evans, H. M. : The Function of the Anterior Hypophysis, Harvey Lectures, 
Philadelphia, J. B. Lippincott Company, 1924, p. 212. Evans, H. M., and Simpson, 
M. E. : Antagonism of Growth and Sex Hormones of the Anterior Hypophysis, 
J. A. ]\I. A. 91:1338, 1928. Evans, H. M. ; Cornish, R. E., and Simpson, M. E. : 
Potent, Sterile, and Low-Protein E.xtracts of the Growth Hormones from the 
Anterior Hypophysis, Proc. Soc. E.xper. Biol. & Med. 27:101, 1929. Flower, C. F. ; 
Forkner, C. E. ; Kellum, W. E. ; Walker, A. T. ; Smith, P. E., and Evans, H. M. : 
Separation of the Principle in the Anterior Hypophysis Affecting Ovulation, from 
that Controlling Body Growth. Anat. Rec. 25:107, 1923. Korenchevsky, Vladimir, 
and Dennison, Marjorie, H. : The Influence of the Hypophysis on Metabolism, 
Growth and Sexual Organs of Male Rats and Rabbits: I. Influence of Extract of 
Hypophysis on Nitrogen IMetabolism, Biochem. J. 23:868, 1929. McLean, A. J. : 
Transbuccal Approach to the Encephalon, Ann. Surg. 88:985, 1928. Putnam, T. J. : 
Separation of Growth-Promoting Hormone from That Inducing Premature 
Oestrus in the Anterior Pituitary Gland, Arch. Surg. 18:1699, 1929. Putnam, 
T. J. ; Teel, H. M., and Benedict, E. B. : The preparation of a Sterile Active 
E.xtract from the Anterior Lobe of the Hypophysis, Am. J. Pltysiol. 84:157, 1928. 
Putnam, T. J. ; Benedict, E. B., and Teel, H. M. : Studies in Acromegaly: VHI. 
Experimental Canine Acromegab' Produced 63 ^ Injection of Anterior Lobe Pitui- 
tar}^ Extract, Arch. Surg. 18:1708, 1929. Reichert, F. L. : Effects of Anterior 
Pituitary Extract upon an H 5 fpoph 3 'sectamized Pupp 3 ", Proc, Soc. Exper. Biol. & 
Med. 27:304, 1929. Smith, P. E. : The Disabilities Caused by Hypophysectomy 
and Their Repair, J. A. M. A. 88:158, 1927. Teel, H. M. : Diuresis in Dogs from 
Neutralized Alkaline Extract of the Anterior H 3 'poph 3 'sis, J. A. M. A. 93:760, 
1929. Teel, H. AI., and Watkins, O. : The Effect of Extract Containing the 
Growth Principle of the Anterior Hypoph 3 'sis upon the Blood Chemistry of Dogs, 
Am. J. Physiol. 88:662, 1929. Zondek, B., and Ascheim, S.: Das Hormon des 
H 3 -popln-senvorder lappens, Klin. Wchnschr. 7:831, 1928. 
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EFFECTS ON GENERAL GROWTH 

For the investigation of the effects on- the general growth, it was 
felt that the small rodents, particularly mice, lent themselves most 
readily to the type of study desired, as they were easy to handle in 
large numbers and their entire life span was sufficiently short to 
be observable in the laboratory. For this reason, the initial stages of 
the studies were applied to these animals. Those employed were origin- 
ally obtained from the excellent colony of Dr. C. C. Little at Ann Arbor, 
and all of those utilized were the descendants of this original group. 
In order to eliminate the factor of individual variation as far as possible, 
the animals were closely inbred throughout the existence of the colony, 
and as far as was practicable, litter mates were used in the various 
divisions of the studies involved. 

One series of seventy-five mice was divided as follows: (1) a group 
(twent 5 ^-five animals) which was fed the anterior lobe of the beef 
hypophysis daily; (2) a group (twenty-five animals) which was fed 
liver in similar quantities daily, and (3) a group receiving the usual 
diet for these animals. As was the case for the previous studies,'^ in 
which dogs were used, although this group of investigations was con- 
tinued for a period of almost six months, the results of this type of 
treatment were negative. The animals fed liver and those fed hypoph- 
ysis gained at a slightl}^ higher rate than did the control group. 
However, as between these two groups, there was practically no varia- 
tion in increase in size, and it was felt that the only results observed 
were due to the somewhat higher intake of protein in the experimentally 
fed groups. 

Attention was therefore turned to injection of the extract in the 
attempt to influence the growth of the animals. My earlier studies 
in which commercial extracts were used, while productive of some 
results, had not been sufficiently definite and clearcut to make it seem 
probable that the best results were to be obtained from this 'type of 
experimentation. This was likewise in line with the results of various 
other experimenters. For this reason it was determined to try a type 
of extract which could be followed in the laboratory. Evans had very 
carefully detailed the preparation of an extract which in his hands 
gave excellent results in influencing the growth of mammalian forms. 
It was therefore determined to give this particular extract a careful 
trial. Beginning in October, 1928, I tried this type of extract on 
several series of animals (mice). The dosage, frequency of medication 
and other variables were experimented with from every angle. These 
animals were checked against untreated animals in some cases ; in other 


6. Evans (footnote 5, third reference). 
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cases, the control group received an extract of liver prepared in the 
same manner as the pituitary extract; and in still other series, the 
controls received physiologic solution of sodium chloride in similar 
quantities. In every series of experiments, it was found that the 
animals receiving the Evans alkaline extract, especially if its reaction 
was kept well on the alkaline side (/>h 7.6. to pn 7.8), gained weight 
at a considerably more rapid rate than did the control littermates.’' In 
many instances, this gain in weight was so marked as to appear almost 
phenomenal. 

Quite by accident, as the result of the shipping of some animals 
that were being experimented on, it was found that if these animals 



35 H‘3 5h 63 70 77 01 92 105 111 119 12.6 135 

Fig. 1. — Changes in weight : A, of untreated controls ; B, of animals treated 
by injection of alkaline extract of the anterior lobe of the pituitary gland; A^ and 
51 , of the same groups, computed on a fat-free basis. 

had their food, or particularly their fluid, intake, sharply curtailed, the 
massive animals that received the extract of the anterior lobe lost weight 
at a tremendous rate and considerably more rapidly than did the control 
animals. This was carefull)'^ checked, and it was found that a con- 
siderable portion of the increase in weight in these animals was due 
to an increase of water in the tissues, and that the decrease was due 
to a rapid loss of this water. In order to analyze this, a new group 

7. In the later studies, Evans’ and Simpson’s modifications of the original 
extract (footnote 5, fourth reference) were in part substituted, and in the later 
experiments on dogs, in a part of the experiments, an extract made according to 
Evans’ last modification (footnote 5, fifth reference), made by Parke-Davis & 
Company, was used. 
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of animals was given similar treatment. Of these, four experimental 
and four control animals, two of each sex in each instance, were killed, 
first, at weekly intervals, and later every two weeks, and their bodies 
thoroughly ground and mixed and chemically analyzed for the presence 
of water, total nitrogen, total ash and fat, and curves plotted to repre- 
sent the changes in these contents (figs. 1, 2 and 3). 



Fig. 2, — Changes in total ash and nitrogen contents ascertained at the periods 
indicated: A, ash content of control group; B, of the experimental group; A^, 
nitrogen content of control group ; of experimental group. 



Dol^s IM 21 28 35 42 49 56 63 70 77 91 98 /OS HZ 119 /33 


Fig. 3.— Changes in water and fat contents at the ages indicated : A, water 
content of controls ; B, of animals treated by injections of alkaline extract of the 
anterior lobe of the pituitary gland ; A, fat content of controls ; B, of treated group. 

Careful analysis of these results reveals that the animals receiving 
the alkaline extract of the anterior lobe of the pituitary gland gained 
in weight at a considerably more rapid rate than did their littermates; 
that the more rapidly growing animals given injections contained a 
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considerably higher water content at all levels and a somewhat comple- 
mentary decrease in fat content ; that the more rapidly growing animals 
given injections had a considerably higher ash content than did the 
control animals, and that the nitrogen contents of the two groups showed 
such a slight difference as to be considered negligible. 

EFFECTS ON TEETH, LIVER AND OTHER ORGANS 

An attempt was made to follow the method of Marshall in injecting 
trypan blue or naphtbalene brilliant blue or one of the alizarin dyes to 
obtain definite lines of deposition of calcium in the teeth and to show 

Table 1. — Measurements of Teeth hi Animals Receiving Injections of Extract 
of Anterior Lobe of Pituitary Gland, Compared zvith Measurements 
of Teeth of Untreated Controls 


E.xperimental 

Animal 


Growth, Mm. 



' 1st Week 

2d IVeek 

3d Week 

4th Week ' 

Averages 

47 

1.2 

1.2 

1.4 

1.3 

1.275 

51 

1.3 

1.4 

1.4 

1.4 

l»o7y 

.52 

1.3 

1.3 


1.3 

1.3 

54 

1.3 

1.0 

i.3 

1.3 

1.275 

01 

1.4 

1.4 

1.4 

1.4 

1.4 

03 

1.3 

1.3 

1.4 

1.3 

1.375 

02 

1.3 

1.2 

1.3 

1.2 

1.25 

93 

1.4 

1.3 

1.4 

1.4 

i.yT.") 


General average 1.32S 


Control Animal 


101 

1.1 

1.1 

1.0 

1.1 

1.075 

103 

1.0 

1.0 

1.0 

0.9 

0.975 

107 

1.2 

1.1 

1.1 

1.1 

1.125 

no 

1.1 

1.0 

0.9 

1.0 

1.0 

122 

1.0 

1.0 

1.0 

1.0 

1.0 

123 

0.9 

0.9 

0.9 

1.0 

0.975 

133 

0.9 

1.0 

0.8 

0.9 

0.9 

134 

1.0 

0.9 

1.0 

0.9 

0.95 

General 

avorag:r 




1.000 


the rate of growth in this manner. However, the results obtained 
were not at all satisfactory, and it is felt that no conclusions may be 
drawn from this portion of the study. On the other hand, by marking 
the constantly growing incisors with a fine thin disk on a dental mount 
and marking again at regular intervals, evidences as to differences in 
rate of growth of these teeth were obtained that were fairly satisfactory. 
By this method it was determined that the animals treated b}'^ injection 
showed a more rapid growth in the continuously growing incisor teeth 
than the control animals. In this series it was determined that the 
average rate of growth of the incisors was about 1 mm. per week 
in a normal untreated animal. In thirt 3 '^-eight animals treated b}^ injec- 


7a. Alarshal, J. S. : An E.xperimental Studj’-, with Certain Vital Dyes, of the 
Persistent Teeth of the Albino Rat, J. Dent. Research 2:1, 1920. 
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tion and studied in this manner not one showed this low rate of growth ; 
the average rate of growth in these animals was 1.3 mm. per week. 

The data in the table, giving the actual measurements of one group 
treated b}^ injection and one group of controls, studied in this way 
for a period of four weeks, are typical of the rate of growth throughout. 

Further than this, roentgenograms of both types of animals demon- 
strated that the mandibulae and teeth of the animals given injections 
were larger and of greater density than those of the littermate controls. 

It was noted that in these animals there was a marked splanch- 
nomegaly, in which the liver, in particular, was greatly enlarged, even 
out of proportion to the rate of increased growth. It was likewise 
apparent that the size of the internal female genitalia was markedly 
increased in these animals. 

In August of 1929, similar studies were begun on dogs, and it 
was decided to study in addition to the effects of injection of the 
hypophyseal extract, those of hypoidiysectom}^ on the growth of these 
animals. In earlier studies the temporal approach to the operation had 
been attempted with unsatisfactory results, and it was felt that in 
utilizing very young animals the results to be obtained would be even 
less desirable. For this reason, the transbuccal approach of McLean,® 
which offered wide access to the region, was decided on, and a number 
of dogs were the subject of these operations. In all, four successful 
operations were done, in two animals of each sex, each being about 10 
weeks of age. Each of these animals was then grouped with two litter- 
mates of the same sex, one of which was handled as an untreated 
control and one of which received daily injections of the hypophyseal 
fraction affecting growth. The dosage in these animals was varied, 
being increased as the animals increased in age and size, until a maximum 
of 20 cc. daily was attained. Each of the twelve animals in this 
experiment was studied carefully at the outset, and its physical charac- 
teristics and the state of its dentition was noted at that time. The 
results obtained in each of the groups of three animals were consistent 
throughout, although varying slightly in individual cases. The dogs 
receiving the fraction promoting growth grew at a much more rapid 
rate than did the controls and Avere, in every sense, larger and heavier. 
Those that had been hypophysectomized increased in weight and size 
at a much slower rate than the controls and showed a considerable 
number of typical stigmas, in particular a myxedematous appearance. 

In each case, also, the animals receiA'ing the injections of the extract 
affecting groAvth shed their deciduous teeth and erupted the permanent 
ones at an earlier period than either of the other tAA'^o types of animals. 


S. A'IcLean (footnote 5, reference 8). 
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while the hypophysectomized animals were far behind the controls in 
this respect. Further, the animals given injections had larger maxillae, 
the hypophysectomized smaller, which gave origin to differences in 
the position of the teeth (figs. 4 and 5). 

One group of males was killed after six weeks of the experimenta- 
tion, but the observations at autopsy were so slight as to be scarcely 
more than an indication. After fourteen weeks of the experimentation, 
one group of females was killed and carefully examined. Unfortu- 
nately, on the second day following, owing to a pulmonary infection, 
it was necessary to kill the second group of females. The results 
from these autopsies were sufficiently suggestive to indicate the 
direction of the results. After twenty-two weeks of experimentation. 



Fig. 4. — Front view (left) of the anterior teeth of a hypophysectomized male 
dog (no. 10), showing tumbling and “flaring” of the incisors and cuspids, and 
(right) of a male littermate (no. 11) treated by injection of alkaline extract of 
the anterior lobe of the pituitary gland, showing the larger maxillae, the spacing 
and the vertical position of the incisors and cuspids. 

the death of one of the animals from advanced toxicosis made it neces- 
sary to kill and examine the remaining group. Reference to the accom- 
panying charts will show the differences in rate of growth of the 
animals involved (fig. 6). 

It is noteworthy that the gross changes in these animals were prac- 
tically identical with those in the earlier series of mice. In each case 
the injections caused greatly accelerated growth, splanchnomegaly and 
acceleration in the dentition. In the h^'^pophysectomized dogs, the 
changes were the opposite of these. Chemical studies on the dogs’ 
tissues were not practicable, but in the case of both types of animals 
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the animals treated by injection contained, grossly, less fat than did 
the controls. 

Microscopically, the livers of the injected animals showed larger 
cells, but not sufficiently so to account for the great increase in the 
gross size of these organs. This was likewise true of the uterus and 
tubes of the animals. In the case of both organs the reverse was true 
of the hypophysectomized animals. The uteri of the hypophysectomized 



Fig. 5. — Lateral view of the heads of the animals shown in figure 4: above, an 
animal that had received injections of an alkaline extract of the anterior lobe of 
the pituitary gland; it shows frontal bulging, a larger head and jaws and a 
vertical position of the anterior teeth ; below, a hypophysectomized animal, showing 
frontal flattening, smaller head and jaws and flaring of the anterior teeth due to a 
diminished arch. 

animals were very infantile microscopically, as well as grossly, while 
those of the controls and of the animals treated by injection showed 
a marked increase in the endometrial glands and epithelium. Likewise, 
the ovaries of the hypophysectomized animals showed no evidence of 
advanced follicles, while those of the controls and of the animals treated 



46 


ARCHIVES OF PATHOLOGY 


with the extract promoting growth showed maii}^ far advanced, hut 
not ripe, follicles. The animals given injections showed a marked 
increase in stroma, over the controls, in each of these organs. Micro- 
scopic study of the teeth and investing tissues yielded negative results 
in each instance. No changes were to be observed in pulpal cells, 
ameloblasts, dentin, enamel or surrounding tissues. Neither were there 
differences in size between corresponding teeth in the different groups 
of these animals. 

Throughout the lymphogenous organs, there was a noticeable increase 
in the size of the organs in the animals given injections, and micro- 
scopically this was found not to be due to an increase in the lymphocytes. 



Fig. 6. — The chart at the left shows the growth curves of a litter of male dogs, 
carried under experimental conditions for twentj'-four weeks ; that at the right, 
the growth curves of a litter of female dogs, carried under experimental condi- 
tions for sixteen weeks. 

but rather to a marked increase in the sustentacular tissue and to an 
edematous change in the organs. The liver cells showed necrosis, 
especiall}'^ in the region of the central veins. This, with the microscopic 
changes in the kidneys and those in the lymphogenous organs, suggested 
the presence of some toxic change. What the cause of this change 
was, it would be difficult to determine. The method of preparation 
of the extract is one possibility. More likely, however, is the possibility 
that such greatly accelerated metabolism was itself productive of a 
toxicosis. Throughout all of the organs examined there was a var3dng 
apparent increase in the connective tissue elements in the animals 
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treated by injection, most marked in the lymphogenous organs, that 
is, the lymph glands, thymus and spleen. No change of this sort was 
noted in the salivary glands, pancreas or lungs, but a less marked one 
was present in the liver and kidneys. 

Roentgenograms of the mandibulae of the mice showed an increase 
in size and density of these and of the continuously growing incisors in 
the animals given injections. There was likewise an apparent change 
in the dentition and the mandibulae of the dogs. In addition to this, in 
the dogs there was a marked difference in the size and shape of the 
head, especially noticeable in the frontal region (figs. 4 and 5). 

CONCLUSIONS 

There is in the anterior lobe of the hypophysis a substance that 
markedly affects the general growth of the organism. This effect is 
exercised in the direction of maintaining the water content of the tissues 
of the animal at a high level and in reducing the animal’s tendency 
to put on fat. Its tendency is to increase the total mineral content of 
the tissues over a normal level for a given period of age. Its effect 
on the dentition of the animal is to markedly accelerate this process 
and to change the position of the teeth in the jaws, owing to a difference 
in the size of the jaws. Further, there is a probable toxic effect, 
evidenced microscopically in the liver, kidney and lymphogenic organs 
and due probably to the toxic products of too rapid stimulation of 
metabolic processes. There is likewise an apparent tendency for the 
growth-promoting hormone to stimulate especially the growth of the 
supporting tissue elements. 

If these results are compared with those of Donaldson® and others, 
on the normal growth of rodents, the conclusion seems warranted that 
the effect' of the extract of the anterior lobe of the hypophysis is to 
stimulate these animals in the early period of rapid growth (the third 
phase of Donaldson) to an even greater rate of growth and to some- 
what prolong this period into the later, or fourth, phase. It also seems 
apparent that these effects are in no sense specific for the dental 
mechanism or inclined to be productive of specific anomalies of the 
teeth, but are exercised simply in the direction of rate and time of 
development, and that if there is a specific effect involved, it is in 
the direction of further accelerating the formation of connective tissue, 
which is already being formed at a rapid rate at this period, and of 
increasing the fluid content of these tissues. 

9. Donaldson, H. H. : A Comparison of ’the 'White Rat with Man in Respect 
to Growth of the Entire Body, Boas Anniversary Volume, New York, G. E. 
Stechert & Compaiw, 1906. 
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It seems apparent from these and earlier studies that the eruption 
and growth of the teeth and of their investing tissues may be considered 
only as a part of the general phenomena of growth of the body, and 
may be influenced by the pituitary gland in a specific direction only 
insofar as the time and velocity of development of the various tissues 
and organs may be influenced. 



THE ENDOCARDITIC PROCESS IN CHILDHOOD* 


BINDO DE VECCHI 

Professor of Pathology and Director of the Institute of Pathological Anatomy, 

Royal University of Florence 

FLORENCE, ITALY 

The rarity of endocarditis during the first years of life has been 
remarked on by various writers in the past. Thus, Holt found no 
case of endocarditis in the course of 1,000 autopsies on infants under 
3 years of age, and Hochsinger confirmed the extreme rarity of the 
condition in persons less than 5 years of age, as compared with its 
great frequency in those between the ages of 10 and 14. On the other 
hand, clinicians claim a relatively high percentage for valvular lesions 
occurring during the first ten years of life. Thus Guttmann (1893) 
reported that 5 per cent of cases of valvular disease occurred during 
the first ten years, 18 per cent between 10 and 18 years of age, and 
from 22 to 23 per cent after 20 years of age. More precisely G. Schultze 
(1906), working on a vast material, obtained the following data: 
4.29 per cent of cases occurred from birth to 10 years, 36.60 per cent 
(the maximum percentage) from 10 to 20 years and 28.27 per cent 
from 20 to 30 years. After 30 years of age, the percentage becomes 
steadily lower.^ 

From these statistics it appears that valvular lesions occur with 
some frequency during the first years of life, referable in part at least 
to an unrecognized endocarditic process. 

INCIDENCE OF VALVULAR ENDOCARDITIS IN CHILDREN, AS NOTED 

IN AUTOPSY REPORTS 

I have tried to determine, as exactly as possible, the incidence of 
valvular endocarditis in children, and have made use of the postmortem 
material of the Institute of Pathological Anatomy of Florence, amount- 
ing to 4,952 autopsies. The statistics of age and sex are shown in 
figure 1. In all, 179 cases of endocarditis were noted, 93 of which 
were acute (verrucose, vegetative and ulcerative) and 83 subacute or 
recurrent. Figure 2 shows the relative frequency of the condition at 
different age periods and of itself is a demonstration of the rarity of 
anatomic evidences of endocarditis in childhood. The rarity becomes 

* Submitted for publication, Dec. 5, 1930. 

1. lores. A., in Briining, H., and Schwalbe, E. : Handbuch der allgemeinen 
Pathologic und pathologischen Anatomic des Kindesalters, Miinchen, J. F. Berg- 
mann, 1921. 
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Fig. 1. — Distribution of the autopsy material according to age and sex. The 
solid black columns represent the male sex; the white columns, the female sex. 
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Fig. 2. — Distribution of the cases of endocarditis by age periods. The con- 
tinuous line represents all the cases ; the broken line, the acute cases, and the 
dotted line, the chronic or recurrent cases. 
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still more striking when the figures are reduced to percentages of the 
total autopsies in each age period, as in figure 3. 

It is clear that during the first ten 3 ^ears of life valvular lesions of 
the endocardium are rarely found (18 cases among the 1,062 autopsies 
of that age period, i. e., 1.69 per cent). This rarity is still more 
striking for the first year of life, for of the 18 cases in the first 
decennium, only 2 occurred in infants under 1 year of age, 6 in chil- 
dren from 1 to 5, and 10 in children from 6 to 10 years of age. 



Fig. 3. — Percentage of cases of endocarditis in the total number of autopsies 
of each age period. 

Interpretation of Apparent Infrequency . — In explanation of this 
rarity of valvular disease in infanc}^, Finkelstein assumed a special 
immunity of the endocardium of sucklings against inflammatory agents, 
severe and numerous though such agents are in this period. The real 
explanation is probably much simpler. The postmortem diagnosis of 
endocarditis, both in children and in adults, is usually based on macro- 
scopic evidence of thrombotic vegetations on the valves or on the parietal 
endocardium. Macroscopic evidence of this kind is, however, cer- 
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tainly incomplete and fallacious. In persons dying of toxic infectious 
diseases, valves appearing perfectly healthy to the naked eye show 
microscopic changes, which are evidently inflammatory, even without 
the presence of any thrombotic deposits (Baldasjari,^ de Vecchi,® 
Czirer ^). 

The diagnosis of endocarditis is therefore not always possible with- 
out a histologic examination, and ought to be extended to all cases in 
which any active participation of the valvular tissues can be demon- 
strated microscopically. Moreover, as I have maintained elsewhere,’ 
the valvular changes are to be regarded as the characteristic feature of 
the process, while the thrombotic lesions must be considered as merely 
secondary changes, often absent throughout the course of the disease. 
The necessity of a histologic basis for the diagnosis of incipient valvular 
lesions, which I have long maintained, has received very tardy acknowl- 
edgment. Onl}'’ recently Holsti “ took up the idea and confirmed the 
great value of microscopic research in the diagnosis and interpretation 
of endocardial lesions that would otherwise escape detection. 

These general considerations regarding the anatomic diagnosis of 
endocarditis are still further justified in the case of endocarditis in 
infants, in whom the valvular apparatus is more delicate and the initial 
changes in it more difficult to detect. Moreover, it is probable that 
before the third year of life (as in the embryo) the constitution of the 
blood (morphologically an erythropenia, chemically a deficiency of 
globulin) does not lend itself to the formation of thrombi. Hence 
there is an insufficiency of the elements necessary for the formation 
of endocardial vegetations. 

MATERIAL USED FOR MICROSCOPIC STUDY 

The present investigations have been directed toward a systematic 
study of these initial stages of endocarditis, as demonstrable histo- 
logically even when macroscopic examination does not suggest their 
presence. 

The valves of the infant’s heart lend themselves readily to such a 
study of the early phases. One is dealing with conditions almost 
experimental, because the disease is developing in tissues not previously 
altered. Naturally, the lesions in such cases are not widespread or 
marked. If they were, the)’^ would be evident to the naked eye. One 
deals always with incipient and circumscribed lesions ; hence this 
material is useful in the interpretation of the pathogenesis of processes 

2. Baldasjari: Tesi di Laurea, Bologna, 1907; Centralbl. f. allg. Path. u. 
path. Anat. 20:97, 1909. 

3. de Vecchi, B. : Arch, di pat. e din. med. 4:3, 1926. 

4. Czirer. L. : Virchows Arch. f. path. Anat. 213:272, 1913. 

5. Holsti, O. : Arb. a. d. path. Inst, zu Helsingfors 51:401, 1928. 
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Cases Exaiumcd 


Case Autopsy 

Age 

Sex 

Anatomie Diagnosis 

1 

10523 

1 mo. 

F 

Intestinal malformations; volvulus; laparotomy, purulent peri- 
tonitis 

2 

301:N.S. 

2 mo. 

M 

Tuberculous mastoiditis; miliary tuberculosis; meningitis 

3 

15004 

3 mo. 

JM 

Status thymolymphaticus; confluent bilateral bronchopneu- 
monia 

4 

14718 

3 mo. 

F 

Suppurative cerebrospinal leptomeningitis; abscess of brain 

5 

16054 

4 mo. 

M 

Hyperplasia of Payer’s patches; multiple subcutaneous abscesses 

6 

15040 

4 mo. 

r 

Diphtheritic lari’ngitis; bilateral bronchopneumonia 

7 

10429 

6 mo. 

F 

Bilateral confluent bronchopneumonia 

8 

1642S 

7 mo. 

M 

Bronchopneumonia on right side 

9 

10490 

7 mo. 

F 

Metapneumonie empyema on left side 

10 

15045 

8 mo. 

M 

Bilateral bronchopneumonia; hemorrhagic pulmonary infarcts; 
softening; purulent pleurisy on left side; parenchymatous 
degeneration 

11 

14702 

8 mo. 

M 

Bilateral bronchopneumonia; empyema on right side; acute 
nephritis; splenic tumor 

12 

14820 

8 mo. 

iM 

Suppurative leptomeningitis of vault 

13 

14703 

0 mo. 

M 

Bilateral bronchopneumonia; rickets; hypoplasia of right kid- 
ney; parenchymatous degeneration 

14 

10432 

9 mo. 

F 

Bronchopneumonia on right side 

15 

10074 

10 mo. 

M 

Acute enteritis; nasal impetigo; parenchjnnatous degeneration 

10 

10420 

12 mo. 

M 

Bilateral bronchopneumonia 

17 

14554 

12 mo. 

M 

Hyperplasia of Beyer’s patches; splenic tumor; mesenteric 
lymphadenitis; bilateral pleurisy; serofibrinous pericarditis; 
septic infarcts of lung; acute nephritis 

18 

10410 

13 mo. 

IX 

Bilateral bronchopneumonia; pericarditis; bilateral flbrinous 
pleurisy 

19 

10418 

13 mo. 

M 

Acinonodose tuberculosis of both lungs; nodular tuberculosis of 
spleen and liver 

20 

1S0;N.S. 

14 mo. 

M 

Epidemic cerebrospinal leptomeningitis 

21 

10519 

10 mo. 

M 

Bilateral bronchopneumonia; thrombosis of suprahepatic vein; 
ascites; splenomegaly 

22 

14819 

10 mo. 

M 

Bilateral bronchopneumonia; bilateral flbrinous pleurisy; sup- 
purative leptomeningitis 

23 

16732 

20 mo. 

M 

Typhoid enteritis; suppurative otitis media on left side 

24 

16755 

21 mo. 

F 

Old tonsilar phlegmon; bilateral bronchopneumonia; chronic 
mitral endocarditis; multiple cerebral softening; acute chole- 
cystitis; splenomegaly 

25 

16417 

2 yr. 

F 

Bilateral bronchopneumonia; pertussis 

20 

10412 

2 yr. 

M 

Bilateral bronchopneumonia; suppurative pleurisy on right 
side; pleurectomy 

27 

10502 

2 yr. 

F 

Unresolved pneumonia; bilateral suppurative pleurisy; parietal 
cardiac thrombosis 

28 

15074 

SVz yr. 

F 

Postdiphtheritic paralysis; bilateral bronchopneumonia; endo- 
carditis verrucosa mitralica acuta 

29 

10734 

3% yr. 

F 

Necrotic angina; septicemia; macular facial erythema 

30 

14080 

3% yr. 

F 

Bronchopneumonia on right side; status thymolymphaticus 

31 

10420 

4% yr. 

M 

Osteomyelitis of right tibia; flbrinous pericarditis; multiple 
pulmonary infarcts 

32 

10486 

5 yr. 

M 

Acute pharjmgolaryngotracheal inflammation; suppurative 
otitis media 

33 

10733 

5 yr. 

M 

Necrotic scarlatinal angina; bed sores; acute nephritis 

34 

14054 

5 yr. 

M 

Descending diphtheria; follicular enteritis; induration of the 
aortic margin of the mitral valve 

35 

10300 

5 yr. 

F 

Descending diphtheria; acute bronchitis; focal pulmonary ate- 
lectasis; mcningo-cnccphalic congestion 

30 

10507 

0 yr. 

M 

Purulent arthritis of left knee; empyema on right side; multiple 
pulmonary infarcts 

37 

10430 

7 yr. 

F 

Mastoidectomy on right side; acute serous leptomeningitis 

38 

10147 

7 yr. 

F 

Suppurative osteomyelitis of petrous portion of temporal bone; 
multiple pulmonary abscesses; hematogenous suppurative 
nephritis; verrucose endocarditis of mitral valve 

39 

10431 

8 yr. 

M 

Necrotic appendicitis; localized flbrinous peritonitis; chronic 
pulmonary tuberculosis 

40 

14l;SI.S. 9yr. 

M 

Measles; bronchopneumonia on right side 

41 

10499 

14 yr. 

JI 

Bilateral bronchopneumonia; diplococcal sepsis 

42 

10491 

10 yr. 

F 

Bilateral pulmonary tuberculosis (ulccrocasoous) 
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that usually are studied only at a much more advanced, more complex 
stage. 

The material that I have used for my own observations comprises 
forty-two cases, selected from autopsies performed during the past few 
years. I have not considered it necessary to extend these observations 
over a longer period, because, as will be seen, the results are sufficiently 
clear and consistent. 

As regards valves presumabi}'- affected, particular!}^ as regards 
experimental results,® I must refer to considerations set forth else- 
where, which explain the difficulty of basing the observations on a 
large amount of material. It is essential that the suspected valve be 
subjected to thorough examination, and not to a superficial, hurried 
search. Valves that when first seen under the microscope appear 
unaffected show obvious lesions in other sections. In order to make 
an exact diagnosis, it is therefore necessary to search through the 
whole valvular apparatus, sometimes in serial sections, under a suitable 
magnification, for only so is it possible to detect lesions that might 
otherwise escape notice. All this requires system, time and patience ; 
therefore, the cases studied cannot be very numerous. 

From the anatomic diagnosis it is seen that only four cases (24, 28, 
34 and 38) showed macroscopic changes in the valves. In two of 
these (28 and 38) there were the lesions of recent A'^errucose endo- 
carditis ; in the other two (24 and 34) the lesions were those of 
chronic sclerosing endocarditis. I might have included other cases in 
the list, as occurring in infancy, but have restricted myself to these 
four cases for comparison with those in which there was no visible 
lesion in the A'^alves. 

The material is subdivided into eight groups on a nosologic basis. 
This grouping proves useful for the demonstration of the histologic 
results. 

HISTOLOGIC OBSERVATIONS 

Group 1 . — Group 1 included five cases (5, 23, 31, 36 and 38) of 
suppurative processes in various parts of the body (osteomyelitis, 
arthritis, otitis complicating typhoid fever, cutaneous abscesses, etc.), 
in Avhich there was very probably a septic process at work. 

The vah'es of the heart in these cases always showed histologic 
lesions, A^arying in severity and extent. As Avould be expected, the 
most intense lesions occurred in case 38, in Avhich the A^alvular lesions 
Avere already visible macroscopically on the mitral segments. In an 
extensiA’^e area on the atrial surface of the mitral A^ah^e, there was loss 
of endothelium Avith hyalinization and necrosis of the adjoining A'alvular 
tissue. The desquamated endothelium Avas largely enclosed in a 


6. de Vecchi, B. ; Le malattie del cuore, Rome, 192.3, vol. 7, p. 72. 



dc VECCHI—ENDOCARDITIC PROCESS 


55 


fibrinous network. There were numerous cells of tymphocytic type in 
the deeper la3^ers of the valve, surrounding the regressive lesions in the 
valvular tissues. In the subendothelial la)'^ers nearest the desquamated 
area there were large cells, each with abundant cytoplasm and a 
vesicular nucleus. These were easily interpretable as histioc3des 
(fig. A A). In other parts of the valve, even where the endothelium 
was apparently healthy, evidences of histioc3d;ic reaction were still to be 
met with, and this not only in the superficial subendocardial layers, but 
also extending into the deepest la3'^ers of the valvular tissue, and some- 
times accompanied by an abundant and diffuse l3unphoc3dic infiltration. 
Evidence of h3raline thrombosis following the desquamation of endo- 
thelium was found in some sections. In some parts one might also 
see deposits of fibrin, enmeshing er3-throct3fes and leukocytes. A migra- 
tion of elements originating in the underlying tissues into the initial 
thrombus could not, however, be observed. The thrombus was a passive 
phenomenon occurring subsequent to the formation of the lesions estab- 
lished on the valve. 

That lesions of this type were present in areas macroscopically 
healthy was proved by the fact that a histologic examination of the 
apparentl3'^ healthy aortic valve in the same case showed areas of 
endothelial desquamation and edema with detachment of the underlying 
valvular layers, a somewhat diffuse infiltration by lymphocytes and the 
presence of histiocytic elements both in the superficial and in the deeper 
la3'^ers. The type of lesion was the same; the difference was in the 
intensity of the pathologic change and above all in the absence of the 
secondaiy phenomenon of superficial thrombosis. 

Similar phenomena were evident in the other cases also : limited 
endothelial desquamation, edema and h3'^alinization of the valvular la3fers, 
lymphoc3^tic infiltration and histioc3'tic reaction. The latter was marked, 
especiall3^ at the points of attachment of the valves, and was not neces- 
sarily accompanied ly desquamation of the endothelium. In case 23 
(purulent otitis complicating t3yhoid enteritis) the lesions were marked 
and particularl3" extensive, the histioc3'tic reaction extending down into 
la3^ers far distant from the endothelial lesion. 

Group 2 . — Group 2 included four cases : one following scarlet fever 
( 33 ) ; two of acute t3ye, and followed probabl3'- b3'^ septicemia (29 
and 32 ), and the last ( 24 ) with healed anginal lesions, but with broncho- 
pneumonia, splenomegaly and septicemia, thickening of the edges Avith 
thrombotic deposits on the mitral A^alve, and, as a consequence of the 
detachment of the latter, the formation of multiple foci of cerebral 
softening. 

As was to be expected, histologic examination in case 24 showed 
ver3r serious lesions on the mitral valve. These consisted in an intense, 
widely spread edema, Avith h3falinization of the valvular layers, accom- 
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Fig. 4. — A, mitral valve m case 38, that of a boj’, aged 7, with suppurative 
osteomyelitis in petrous bone, abscesses of the lung, suppurative nephritis and 
verrucose mitral endocarditis. The initial stage of the latter was visible macro- 
scopicall}-. The photomicrograph shows desquamation of endothelium and agglu- 
tination of the exfoliated cells in a fibrinous network, hyalmization and partial 
necrosis of the valvular tissue, and lymphocytic infiltration and deep histiocytic 
reaction delimiting the degenerative necrotic zone. 

B, Aortic valve in case 24, that of a girl, aged 21 months, uith tonsillar phleg- 
mon, choicer stitis, multiple cerebral softening and verrucose endocarditis of the 
mitral valve. The latter was visible macroscopicall 3 \ The aortic valve was 
macroscopically intact The photomicrograph shows desquamation of the endo- 
thelium, edema and histiocytic reaction of both surfaces of the valve. 
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panied by an intense histiocytic reaction, which passed into the deeper 
structure, but was less marked near the surface. In the same case 
identical and equally extensive lesions were seen on both the ventricular 
and the arterial surfaces of the aortic valve, although this appeared 
normal to the naked eye (fig. A B). 

A marked superficial and deep histioc 3 dic reaction, accompanied by 
a less marked lymphoc 3 dic infiltration, appeared in case 29, both in the 
mitral and in the aortic valve. A t 3 '-pical focus of endocarditis, with 
extensive desquamation of the endothelium and agglutination thereof 
in a fibrinous network, with intense lymphocytic infiltration and 
peripheral histioc 3 dic reaction, had developed in the aortic valve in 
case 32 (fig. 5 A) ; in this case, too, the valves appeared normal to the 
naked eye. Valvular lesions, but much milder and more circumscribed, 
were also present in a case of scarlatinal angina (33). 

Group 3 . — Four cases of diphtheritic infection were studied. Of 
these, three were of acute type (6, 34 and 35), and one (28) had 
run a more chronic course, death being due to postdiphtberitic paralysis. 
In case 28 the autopsy showed acute verrucose endocarditis of the 
mitral valve, while in case 34 there was evidence of induration of the 
aortic segment of the mitral valve. 

The tissues obtained in case 28 were insufficiently fixed, so that a 
proper study of them could not be made. In case 34, lesions of the 
infiltrative and histiocytic reaction t3q3e were present not only in the 
mitral valve, but also in the aortic (fig. 5 B), though the latter was 
macroscopically normal. 

In case 6 (diphtheria in a suckling) the mitral valve showed a few 
foci of lymphoc 3 'tic infiltration and histioc 3 'tic reaction in the valvular 
layers, with partial desquamation of the endothelium. But of special 
importance were the histologic lesions in case 35, in which the valves 
had appeared healthy at the autotps 3 e Both the mitral and the aortic 
valves showed areas of endothelial desquamation, with extensive hyalin- 
ization and incipient necrosis of the underlying valvular la 3 '^ers, also 
slight lymphoc 3 dic infiltration and histioc 3 dic reaction, not onh^ in the 
superficial subendothelial structure, but also in the deep layers, espe- 
cially in the border area between the degenerative necrotic, and the 
healthy, valvular tissue (fig. 6 A). 

Group 4 . — There were four cases of suppurative leptomeningitis, 
two being probably primary epidemic (4 and 20) and two secondaiy 
(12 and 37). Focal lesions were demonstrated histologically in the 
valves in three cases, especially in the mitral valve in case 12 (edema 
of the valvular la 3 ^ers, deep histioc 3 dic reaction). Only in case 37 did 
the valves show no histologic lesion. 
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Group 5 . — Group 5 included two cases of acute exudative peri- 
tonitis: one (1) in a new-born infant, secondary to operative inter- 
ference, and the other (39) in a child with tuberculosis following 
necrotic appendicitis. Infiltrative and reactive lesions of the valvular 



Fig 5. — A, aortic valve in case 32, that of a boj'^, aged 5, with acute pharjmgo- 
]ar 3 ngitis and suppurative otitis. The valve was macroscopically healthy A 
tjpical focus of commencing endocarditis is shown. 

B, aortic \ahc m case 34, that of a bo\’', aged 5, who died from descending 
diphtheria. Thickening of the mitral valve was found The aortic valve was 
macroscopicalh' normal. Note hmphocjtic infiltration and diffuse deep histiocytic 
reaction 
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tissue were found in both cases, but they were of particular intensity 
in case 1, in which the infiltrative and liistioc 3 ^tic reactions were most 
marked in the deeper layers of the valve ; that is. at a point distant from 
its free margins. 

Group 6 . — Two cases of enteritis comprised group 6: one was acute 
(15) ; the other was more chronic and complicated by pleuropericarditis 



Fig. 6. — A, mitral valve in case 35, that of a girl, 5 years old, who died from 
diphtheria. The valve was macroscopically normal. Note shedding of endothe- 
lium, hyalinization and necrosis of endothelial laj^ers, lymphoc 3 'tic infiltration and 
subendothelial and deep histiocytic reaction. 

B, mitral valve in case 40, that of a boy. aged 9, who died from measles com- 
plicated by bronchopneumonia. Note marked h’mphocytic infiltration and histio- 
cytic reaction in the valvular layers. 
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and secondary infarction of the lung (17), The lesions were slight in 
both cases, especially in case 17. 

Group 7. — In group 7 were included a number of cases of broncho- 
pneumonia (eighteen cases), of which twelve occurred in infants under 
2 years of age and six in children above this age. 

Of the cases in suckling infants, seven were of fatal broncho- 
pneumonia uncomplicated by other diseases (3, 7, 8, 13, 14, 16 and 21). 
In some of these cases the valves showed no obvious lesions; in others 
(13 and 14), there was partial desquamation of endothelium with 
homogenization of the valvular la3'^ers and ]3anphoc3'-tic infiltration, with 
diffuse, deep-seated histiocytic reaction. In five cases of broncho- 
pneumonia in infants (9, 10, 00, 18 and 21), in which various compli- 
cations were present (empyema, fibrinous pleurisy, pulmonaiy infarction 
with septic softening, pericarditis, meningitis, etc.), the valvular lesions 
did not appear more serious or widespread than in the first-mentioned 
cases ; here, also, besides some cases in which the valves gave no indi- 
cation of lesions (9 and 10), there were others (as case 11) in which 
the valves showed signs of inflammatoiy reaction. 

In six cases of bronchojineumonia in children over 2 years of age 
(25, 26, 27, 30, 40 and 41) marked lesions were not met with, even in 
cases M'ith serious complications, in which one would have expected to 
find particularly severe lesions (27, pneumonia without resolution; 
41, sepsis of diplococcal (?) origin; 26, pleurisy and pericarditis). 
Marked lesions were present onl3’' in one case of bronchopneumonia 
secondary to measles (40) ; here there was the usual type of lymphocytic 
infiltration and histiocytic reaction in the valvular la3'ers (fig. 6 B). 

Group 8 . — Three cases (2, 19 and 42) of various forms of tuber- 
culosis in children of different ages comprised group 8. There were 
scattered lymphocytic infiltrations in the aortic valve in case 42 (ulcero- 
caseous pulmonary tuberculosis) ; on the other hand, these were par- 
ticularly well marked in case 2 (tuberculous mastoiditis, miliary tuber- 
culosis, tuberculous meningitis), in which the aortic valve especially 
showed evident signs of endothelial desquamation with an intense 
lymphocytic and histiocytic reaction. The lesions were still more marked 
and diffuse in case 19 (acinonodular pulmonary tuberculosis with nodu- 
lar tuberculosis of the liver and spleen), in which both the mitral (fig. 
7 A) and the aortic (fig. 7 B) valves were involved in an extensive 
endothelial desquamation, Avith intense 13'mphocytic infiltration and a 
diffuse histiocytic reaction in the superficial, as well as in the deep, 
layers of the valve tissue. 

In the valvular tissues of infants under 12 months of age dying of 
diseases of toxic infective t3'pe, without demonstrable CAodence of sepsis, 
there Avere often histologic changes that could not be demonstrated or 



de VECCHI—ENDOCARDITIC PROCESS 


61 


suspected macroscopically. These lesions had similar characteristics, 
and they differed from one another mainly in their distribution and 
intensity ; usually they were confined to a few areas along the valvular 
margins, so that only an accurate histologic examination revealed them. 



Fig. 7. — A, mitral valve in case 19, that of a bo 3 % aged 13 months, who died 
from acinonodular tuberculosis of the lungs and nodular tuberculosis of the spleen 
and liver. The photomicrograph shows desquamation of the endothelium, lympho- 
cjdic infiltration and deep-seated, diffuse histiocytic reaction. 

B, aortic valve, showing desquamation of the endothelium, edema, Ijmphocytic 
infiltration of the subjacent valvular la 3 ^ers and intense histioc 3 'tic reaction. 
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It often happened that many sections of a valve had to be searched 
through before a single focus of disease could be met with. Usually the 
affected areas were situated near the free margins of the A'-alves, where 
the mechanical effect of the jolting together of the edges of the valves 
rendered them more susceptible to an inflammatory stimulus ; only 
exceptionally and in the severer cases were the lesions more widely 
distributed over the valvular tissues. 

The lesions consisted in swelling and subsequent desquamation of 
the endothelium (veiy rarely, however, it underwent proliferation) ; 
edema followed by h3^alinization of the underlying connective tissue of 
the valve, with formation, in some cases, of limited foci of necrosis; 
lymphocytic infiltration, sometimes in the superficial, but often in the 
deep, la3'ers, generally on the borderline between the still healthy tissue 
and the foci of necrobiosis, and finall3q active histioc3'tic reaction 
corresponding to the lymphoc3'’tic infiltration, hence sometimes in the 
superficial subendothelial la3'^ers and sometimes extending also to the 
deeper layers. Rather exceptionall3q there was present a scant3’' num- 
ber of polymorphonuclear leukoc3qes ; these occurred 01113^ in veiy severe 
and relative^'’ advanced cases. Earl3'^ thrombotic phenomena overlying 
the valvular lesions were rarely demonstrable. 

PATHOGENESIS OF LESIONS 

The interpretation of the microscopic changes is unequivocal. The 
changes in the valvular tissues are partly passive (degenerative, 
necrotic) and partl3'' active (inflammatoiy). These processes are super- 
imposed and intermingled. One deals with a primary focal valvulitis. 

I use the term “valvulitis” instead of “endocarditis” because that 
term better expresses the nature of the lesions. The word “endo- 
carditis” refers to a more complex process and applies rather to the 
macroscopic aspect of the lesions produced b3' the presence of throm- 
botic vegetations. Hence several authors, following the original 
researches of Ziegler, insisted rather on the term “thrombo-endocarditis.” 
as if the two factors included in the one term are necessariU connected. 
So much credence have pathologists given to this that Roesner ' even 
considered valvular thrombosis and verrucose endocarditis to be one and 
the same condition, and more recently Krischner,® following the ideas 
advanced by Beitzke, proposed to classif3'^ endocarditis according to the 
macroscopic appearance and the character of the A’-alvular thrombosis. 

This way of regarding endocarditis I have long thought to be objec- 
tionable,® and the observations here set forth confirm me in this opinion. 
The formation of the thrombus is a secondar3'^ phenomenon which may 

7. Roesner, E. : Klin. Wchnschr. 3:297, 1924. 

8. Krischner, H. : Virchows Arch. f. path. Anat. 265:545, 1927. 
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be entirely absent; hence it cannot be taken as an essential feature of 
the process. The error of interpretation on the part of authors who 
have studied the essential nature of the endocarditic process in man 
has arisen from their observing cases which were apparently in the 
initial stage, but which actually were far enough advanced to be compli- 
cated, and marked, as it were, by the secondary formation of thrombus. 

Nor do I believe it correct to accept the views proposed by Jegoroff.'^’ 
He considered septic endocarditis to be the only true form and supposed 
(but did not prove) this process to be always set up by septic emboli in 
the blood vessels of the valves, while admitting that these may be in a 
perfectly normal condition. The milder cases, of the verrucose type, 
the endocarditis simplex of other authors, which is generally non- 
microbic (endocarditis toxica), should he considered, according to 
Jegoroff, not as endocarditis, but as endocardosis, and is caused, not 
by vascular emboli in the valves, hut by toxic agents acting directly 
on the valvular endocardium. 

Leaving aside the serious objections to Jegoroff’s pathogenic mecha- 
nism of septic endocarditis, I think that the new term “endocardosis” 
is not acceptable, because it suggests only essentially passive processes 
in the tissues, whereas one actually has to do in these cases with active 
processes, characterized by lymphocytic infiltration and histiocytic reac- 
tion; that is, processes truly inflammatory. The term “endocarditis,” 
or better, “valvulitis,” is therefore to be applied to these conditions 
because it exactly expresses the nature of the process. 

Dietrich,^® on the other hand, interpreted the process of endo- 
carditis on a reactive inflammator}'^ basis (in the modern sense of the 
word), and worked out the conception in a series of experiments, 
following ideas already expressed by Rosenow (namely, that the 
■ course and evolution of the infection are due more to a process of 
bacterial immunization against the antibodies of the host, and so, ulti- 
matel}^ to the original virulence of the germ). These ideas have been 
adopted by me to explain the pathogenesis of endocarditis,® and also 
by Siegmund in some of his original experiments. Dietrich, pro- 
ducing general infections in animals by vaccination, obtained the 
phenomena of valvular endocarditis, which he considered to be produced 
by circulating organisms lodging on existing foci of reaction in the 
endothelium. The final form of the lesion varies with the modifications 

9. Jegoroff, B.; Arch. d. mal. du coeur 19:647, 1926; Ztschr. f klin Med 
103:584, 1926. 

10. Dietrich, A.: Ztschr. f. d. ges. exper. Med. 50:85, 1926; Miinchen med 
Wchnschr. 75:1328, 1928. 
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induced in the organisms b}' contact with the tissues, that is, with the 
condition of local immunity in the tissues ; hence in the valvular tissues 
the fate of the process depends on the power of reaction and reabsorp- 
tion. If these tissues succeed in overpowering the noxious action of 
the organisms, lesions of the vegetative type result, followed by pro- 
liferation of the valvular tissue; but if, on the contrary, the tissues are 
overpowered, a widespread valvular necrosis occurs, followed by 
thrombotic deposits and lesions of an ulcerative and polypoid type. 
Relapses are provoked by alternating changes in the reaction of the 
tissues. Even endocarditis lenta is not characterized by a strict 
specificity of organism {Streptococcus viridans), but by changes in the 
mutable endothelial reaction occurring during the course of a chronic 
and general infection of streptococcic type. 

Dietrich’s ideas certainly seem acceptable. They confirm and renew 
the interpretation of endocarditis as inflammatory, jDutting it in rela- 
tion with the powers of regulation and defense of the whole organism ; 
and they bring the subject of endocarditis into line with modern views 
on the pathogenesis of infectious diseases, in general, and of the tuber- 
culous process, in particular. 

Some of the points, however, are debatable: First of all, some 
important experiments by Semsroth and Koch (1929) tended to prove 
that in the localization of bacteria causing endocarditis, the allergic 
sensitization preceding the general infection might not be specific, but 
might be provoked by other causes, such as foreign, nonbacterial protein. 
Similarly, Klinge obtained sensitization of rabbits toward the rheu- 
matic virus, by using injections of horse serum. Hence, the nodular, 
degenerative proliferations met with in animals, resembling those found 
in persons with articular rheumatism (Aschoff bodies), should be con- 
sidered as a mesenchymal, and not a specific, reaction to the particular 
organism. These important observations greatly widen one’s concep- 
tion of allergy as a preliminary factor in valvular lesions. 

Furthermore, even if the allergic factor has a certain importance in 
the production of the endocardial lesions, one must not underrate the 
importance of the elective attraction of a micro-organism and its toxic 
products toward the valvular tissues. This factor of special attraction 
is well established by experimental work and occurs in spontaneous 
disease;^® there is a tendency for certain types of organism (as com- 
pared with others otherwise apparently similar) to give rise to endo- 
carditic lesions. 
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Another point may be referred to in regard to Dietrich’s concep- 
tions, namely, the presence and import of an endothelial reaction. At 
least in the initial stages of valvulitis, such as are here described, the 
endothelium shows no reaction. It only desquamates and disappears, 
leaving the underlying layers bare. The reaction takes place only in the 
connective tissue of the valve, with a resultant lymphocytic infiltration 
and the formation of large elements of epithelioid type, which are to 
be interpreted as the histiocytes of a reticulo-endothelial reaction, vary- 
ing in dififerent cases and according to the time the lesions have taken 
to develop. 

A histioc3dic reaction in the valvular tissue was noted, though not 
adequately interpreted, by Koeniger in his classic contribution to the 
histology of rheumatic endocarditis. This reaction has been confirmed 
by more recent observations (Darre and Albot^^), and it has been 
noticed that in rheumatism and endocarditis lenta an endothelial (or 
better, “mesenchymal”) reaction develops in various parts of the 
organism (Merklen and Wolff, Istamanowa This makes the 

interpretation of the Aschoff' bodies in spontaneous and experimental 
disease clear.^® Huguenin and Albot demonstrated deep histiocytic 
reactions in valvular tissues in cases of subacute endocarditis, similar to 
those met with in the rheumatic forms. 

The present observations on the initial stages of acute endocarditis 
developing in the valves in children as a result of various causal agents 
confirm these conceptions. The inflammatory reactions show, first, a 
definite activity of the mesenchyma. Then there is lymphoc3dic infiltra- 
tion, and histiocytes appear in the connective tissue of the valves even 
in areas distant from the superficial layers. The inflammatory reaction 
in the initial stages of the process is always of the same t3'^pe, whatever 
the stimulus. In the later stages, the course and evolution of the process 
vary according to the nature of the micro-organisms and the resistance 
of the subject. 

ETIOLOGY OF THE LESIONS 

The importance of the part pla3'ed b3^ micro-organisms in the devel- 
opment of endocarditis is shown by the fact that in recent years many 
attempts have been made to arrive at a bacteriologic classification; this 
conception is not new, but the progress of technic has made it more 
feasible. For instance, Cowan, in a recent research, classified acute 
endocarditis as produced by an anhemol3'tic streptococcus (rheumatism) 
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and by the influenza bacillus. This classification is certainly neither 
complete nor exact, but would be useful if it could be extended to all 
observed cases. It would be easier to do this in the clinic than in the 
autopsy room, where bacteriologic researches are more uncertain and 
difficult. It is for this reason that, in the present research, save in a 
few isolated cases, no systematic bacteriologic examinations were made, 
and so a bacteriologic classification of the cases of incipient endo- 
carditis cannot be attempted. A search for micro-organisms in these 
sections almost always yielded negative results, and the few positive 
results do not allow one to draw any useful conclusion. I am obliged 
to confine myself to a grouping of the cases according to the various 
types of disease, and this is, of course, an inexact and even fallacious 
criterion. 

In some of the cases observed, especially in groups 1, 2, 4 and 5, 
it is probable that at a certain period of evolution of the disease, there 
was a more or less advanced condition of sepsis. In all the definitely 
grave cases, and in some others in which the valvular lesions were ^ 
visible macroscopically, the genesis of the lesions is readily explained by 
the lodging of micro-organisms on the valves owing to some mechanical 
cause (reciprocal impacts of the valves, formation of whirlpools and 
eddies in the blood) or to congenital causes (congenital malformations), 
as has been recently suggested by Grant, Wood and Jones.-- But 
acquired morbid changes and antecedent processes cannot be taken as 
etiologic factors in the case of involvements of the valves in infants 
and experimental animals. 

In the great majority of cases, however, sepsis was not admissible, 
and the clinical course and anatomic observations do not leave any 
doubt about this. Even if the micro-organisms were, or had been, 
present in the circulation, the}^ would have been few, certainly much 
fewer than in the mild and transitory bacteremia that occurs in almost 
all acute infectious diseases. It is logical, then, to admit that in all 
these cases the main factor was the deleterious effect on the valves of 
the toxic products of the germs (endocarditis toxica), the possibilit}'^ 
of the existence of which is admitted b}'- all pathologists, being proved 
by anatomic, as well as by experimental, observations.-^ With such a 
genetic hypothesis it is possible to explain the relative mildness of these 
lesions and the readiness with which they heal. 

In the other groups of disease the cases of bronchopneumonia, 
diphtheria and tuberculosis call for consideration. 

Bronchopneumonia. — In several cases of bronchopneumonia, both in 
sucklings and in children, whether uncomplicated or complicated by 
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some other condition, such as pleurisy, pericarditis, meningitis, etc., the 
valve was healthy to the naked eye, but showed microscopic changes. 
From these observations I must conclude that the action of the germ 
which caused the pneumonic process (usually the pneumococcus) was 
not limited to the pulmonary tissues, but extended to the cardiac valves. 
It was known that the pneumococcus has the power of acting on the 
cardiac valves (especially the aortic) and of originating endocarditis, 
usually vegetative, and of giving rise to grave lesions that usually 
appear toward the end of the disease or even during convalescence. 
But it was not known that the initial lesions are so frequently present 
in the valves during the course of pneumonic processes. It would 
be useful to ascertain whether similar lesions are also present in adults 
dying of pneumonia. It is not easy to establish the nature of this 
lesion; that is, whether it is due to the direct action of the circulating 
organisms on the A^alves (there is often a bacteremia in pneumonia), 
or whether it is a toxic action. The type of the lesions and their 
extent are in faAmr of the latter hypothesis. 

Difhthena . — As regards the diphtheritic process, the observations 
bring to light the frequency with which valvular inflammatory lesions 
occur in the course of this infection. The anatomic and experimental 
researches on the condition of the heart during diphtheria have been 
mainly directed toward the investigation of the state of the myocardium, 
only slight attention being paid to endocardial lesions arising during the 
course of this disease. The observations of Scagliosi, Fraenkel, 
Christoph, Howard and others showed that it is possible to find endo- 
carditis of verrucose type in persons who have died of diphtheria. I 
do not know of really systematic researches on this point. My own 
experimental investigations on the endocarditis provoked by bacterial 
toxins proA'^ed that the diphtheritic toxin is able to initiate localized 
inflammatory reactions in the A^alves in the rabbit, Avhich are followed 
by the formation of secondary thrombi. These experiments were con- 
trolled and confirmed by Ravenna.-® Systematic observations on the 
cadaver and some experiments go to prove that the valvular apparatus 
takes part in the processes induced by the Loffler bacillus, and that the 
relative I'arity of thrombo-endocarditis in persons dying of diphtheria 
applies only to the most evident and advanced stages of a much com- 
moner, and more diffuse process. All the more logical is it to suppose 
a toxic genesis for this class of changes, as do all authors Avho Avish 
to attempt an explanation, basing their opinions chiefly on experi- 
mental data. 

Tuberculosis . — Of great interest are the marked changes found in 
the apparently healthy vah^es of children affected by tuberculosis. 
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Experiments (Michaelis and Blum, Bernard and Salomon, my own “®) 
have confirmed the old anatomic and clinical observations that the 
bacillus of Koch can lodge on the valves and originate valvulitis. 
Michaelis and Blum agreed that it could cause specific histologic lesions 
(epithelioid and giant cells, foci of caseation) — a claim which should be 
received with the greatest reserve. But to explain the tuberculous forms 
of endocarditis that evolve without any possibility of the finding of the 
bacilli in the thrombus, or with the finding of the bacilli only in very 
small numbers, another view has been gaining credence — that in the 
genesis of these valvular lesions in the subjects of tuberculosis it is 
the toxic action, rather than the direct action, of the germ, in whatever 
way it comes in contact with the valves. This conception of the toxic 
origin of tuberculous endocarditis has been confirmed by my experi- 
ments, and Mencarelli supported it in recent work in which he 
especially studied the action of the tuberculosis toxin on the endo- 
cardium. 

General conclusions may also be drawn in reference to the various 
kinds of change and their frequency at different ages. From these 
observations it appears to be clear that in all persons with general toxic 
infectious diseases, the valves are more frequently and more severely 
damaged. The cases of endocarditis visible on examination with the 
naked eye which I have studied were all in children over 2 years of 
age. This does not apply to the microscopic lesions ; very conspicuous 
and grave lesions have been found even in sucklings (cases 5, 6, 11, 
13, 14, 19, etc.), and even in the first few days of life (1 and 2). This 
shows that at all ages, independent of previous lesions (i. e., the valves 
being perfectly normal), valvular lesions may develop to a notable 
intensity and extent, and the evolution of events varies with the circum- 
stances that originate or accompany them. 

EVOLUTION AND END-RESULTS OF THE LESIONS 

All these valvular lesions are to be considered with reference not 
only to their genesis, but also with reference to the consequences that 
may follow later. One might suppose that lesions found on microscopic 
examination occur only in the speciallj'^ grave cases — that is, in fatal 
cases. It is more reasonable, however, to think that they occur in all 
toxic-infective forms of a certain intensity, even in those in which the 
patient has recovered, and in which the lesions, being relatively super- 
ficial and mild, may possibly heal easil}'- and permanently. 
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It is this healing process that is of a special interest,, since one 
cannot imagine a real restitutio ad integrum in such delicate tissues as 
those of the infant’s valves, altered and damaged by the destructive 
and reactive processes, which usually involve the deeper layers of the 
segments. Possibly superficial valvular lesions, especially those confined 
to the endothelial and subendothelial layers, might heal quickl}^ and 
completely, but deeper changes of focal necrosis and lymphocytic and 
histiocytic infiltration (sometimes very intense) could not disappear 
without leaving some trace. This is a theory that is readily applied, 
and Holsti ° adopted it fully in explaining the pathogenesis of valvular 
inflammatory changes running a subacute and chronic course. 

It is easy to understand, in view of the character of the changes, 
especially in view of the constant and marked histiocytic reaction, that 
when the general process has come to an end, healing can take place only 
by proliferation and substitution of connective tissue, with consequent 
deformity of the margins of the valves to an extent dependent on the 
severit}'^ of the primary lesions. When the inflammatory process has 
involved the deeper parts, marked changes must result. 

CONCLUSIONS 

From these researches one may draw the general conclusion that 
inflammatory processes of marked intensity often take place in young 
children affected by various toxic infective diseases, but that the subse- 
quent process of thrombosis often fails to appear; thus the macroscopic 
diagnosis of such lesions at autopsy is almost always impossible. These 
are lesions of particular importance both for the inferences that can 
be drawn from them about the pathogenesis of the endocarditic process 
in general, and on account of the sequelae to which their further devel- 
opment gives rise, in the establishment of valvular defects the mode of 
origin of which has hitherto been obscure. 



FAT NECROSIS IN BILE PERITONITIS 


EXPERIMENTAL STUDY * 
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CHICAGO 

During a recent study ^ of the reaction of the peritoneum to sterile 
bile, fat necrosis was frequently observed in the fat of the mesentery 
near the pancreas. The term fat necrosis has come to indicate a special 
form of necrosis of fat tissue which is characterized by a focal circum- 
scribed lesion and by the hydrolysis of the fat in the necrotic area into 
fatty acids and ghxerol, the latter disappearing and the former combin- 
ing with bases to form soaps. In practically all cases, fat necrosis is 
produced by the action of pancreatic juice on the adipose tissue. A 
precise summary of the knowledge of this subject was made by Wells.- 

Langerhans,® in 1890. obsenxd that the fat in the cells is split into 
its components, and that the fatty acids combine (at least in part) with 
calcium to form insoluble soaps. Dettmer,'* in 1895. was able to produce 
fat necrosis with fresh pancreatic juice, but was not able to do so with 
a commercial preparation of trypsin. He then concluded that the lipase 
of the pancreatic juice was the active agent. Flexner,® in 1897, sup- 
ported this contention by demonstrating the presence of the lipase in 
the foci of fat necrosis. Opie ® confirmed this observ^ation and was 
able to demonstrate ' the presence of a fat-splitting enzyme in the urine 
of a patient with fat necrosis. 

\\’ells,® in 1903. produced typical fat necrosis by injecting extracts 
of fresh pancreas into animals either of the same species as that from 
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which the pancreas was obtained or of another species. The power of 
these agents to produce fat necrosis was reduced by heating to 60 C. 
for five minutes and destroyed at 71 C., indicating that the active agent 
was an enzyme. 

Fat necrosis may be produced by any means that will cause the 
escape of pancreatic juice from its natural channels. It has followed 
trauma, acute infections of the gland and the blocking of the ampulla 
of Vater by gallstones, which pennits bile to back up into the pancreatic 
ducts, where it results in an acute inflammation of the pancreas (Opie ®). 

Flexner,^® in 1906, showed that it was the bile salts that caused the 
inflammation when bile passed up the pancreatic ducts, and that this 
effect was decreased or prevented by large amounts of colloids. As the 
result of injury by the bile salts, or any other agent that produces 
death of cells, the injured cells are digested by the pancreatic juice, 
which then escapes into the suri'ounding tissue. Wells’ experiments 
showed that the lesions of fat necrosis may be produced in from three 
to five hours, large enough to be visible to the naked eye; their form 
and size depend solely on the area of fatty tissue exposed to the action 
of pancreatic juice. 

Schweizer,^^ in 1924, reported a case of bile- peritonitis which 
resulted from a spontaneous perforation of the gallbladder and in which 
fat necrosis was observed. At necropsy gallstones were present in 
the gallbladder and cystic duct, but not in the common bile duct or at the 
papilla of Vater. Both gross and microscopic examination of the 
pancreas failed to disclose any necrosis or evidence of an inflammatory 
process. He concluded from this that fat necrosis may occur in the 
abdomen quite independent of pancreatic disease or of the action of 
pancreatic juice. The following experiments reproduce the same patho- 
logic changes in dogs that Schweizer observed in man. 

METHODS 

The animals, in the experiments to be described, were electrocuted eighteen 
hours after their operations. Necropsies were then performed, and the tissues were 
immediately placed in Zenker’s fixative, later embedded in paraffin and stained 
with hematoxylin and eosin. 

EXPERIMENT 1 

In a series of twenty dogs, after double ligation of the‘ common 
bile duct and the making of a stroma in the gallbladder, bile was allowed 
to drain continuously into the peritoneal cavity. Eighteen hours after 
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the operation the peritoneal cavity of each dog presented the picture 
of acute, severe general peritonitis and contained several hundred cubic 
centimeters of a serosanguineous exudate, in which were found poly- 
morphonuclear leukocytes and B. wclchii. The peritoneal surfaces were 
inflamed and were covered with a thin layer of fibrin. In the fat of 



Fig. 1. — Fat necrosis in bile salt peritonitis. 


the mesenteiy adjacent to the pancreas were areas of fat necrosis about 
1 cm. in diameter. Microscopic examination of the pancreas failed 
to show au}^ evidences of distention of the jjancreatic ducts, necrosis 
of the glandular tissue or an}'^ inflammatory exudate in the gland or 
its stroma. Fat necrosis was observed in fifteen of the twenty dogs 
in this series. 
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EXPERIMENT 2 

In a series of twenty dogs the effect of an intraperitoneal injection 
of a 10 per cent solution of bile salts was then studied. Eighteen hours 
after the administration of 2.5 cc. of a sterile solution of bile salts 
per kilogram of body weight there was observed a peritonitis similar 



Fig..2. — Normal pancreas near an area of fat necrosis. 


to bile peritonitis, except that the fat necrosis was more extensive, 
being observed in the fat adjacent to the pancreas, in the mesentery, 
in the omentum and in the retroperitoneal fat. In this series of twenty 
dogs fat necrosis was oliserved in all instances. 

The pancreas, when examined grossly, was normal. When examined 
microscopically no evidence of necrosis of the gland or of distention 
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of the pancreatic ducts was present. In the adipose tissue surrounding 
the pancreas were areas of fat necrosis and an occasional accumulation 
of polymorphonuclear leukocytes, which represented an inflammation 
secondary to the peritonitis. It is of interest to note, however, diat 
this inflammatory process was confined to the fatty tissue, and that 



Fig. 3 — Fat necrosis in bile salt peritonitis. 


normal pancreatic cells were adjacent to the foci of fat necrosis. The 
accompanying photomicrographs portray the condition of the pancreases 
of animals that had extensive areas of fat necrosis produced b}'- the 
solution of bile salts. 

Experiments 1 and 2, in which fat necrosis was observed when bile 
and a solution of bile salts were introduced into the peritoneal cavity. 
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tend to show that the bile salts were one of the important factors in 
its production. However, in the peritoneal exudates produced by bile 
and bile salts, B. ivelcJiii was found. In order to determine whether 
sepsis was involved in its production the following experiment was 
performed. 

EXPERIMENT 3 

In a series of six dogs peritonitis was produced, by the intraperitoneal 
administration of 20 cc. of an eighteen hour broth culture of B. zuclchii. 
A peritonitis identical with bile peritonitis was produced, except that 
fat necrosis was not observed. This experiment tends to show that 
cultures of B. zvelchii, when introduced intraperitoneally, do not produce 
fat necrosis. 

EXPERIMENT 4 

The question arose as to whether the bile salts per se were able to 
produce fat necrosis, or whether the fat necrosis was produced by the 
local action of the bile salts on the pancreas liberating the pancreatic 
enzymes and allowing them to diffuse into the surrounding adipose 
tissue. In a series of six dogs the pancreas was completely excised 
before introducing intraiieritoneally 2.5 cc of a 10 per cent solution 
of bile salts per kilogram of body weight. The amount of bile salts 
selected for this experiment had produced fat necrosis in every instance 
in experiment 2. Although a hemorrhagic peritonitis similar to that 
of bile peritonitis was produced, no fat necrosis was observed. As a 
control on this experiment the solution of bile salts was introduced 
intraperitoneally into three dogs which had had an operation of equal 
magnitude, such as a partial gastrectomy, and fat necrosis was observed 
in every instance. This experiment shows that the presence of the 
pancreas is essential for the production of fat necrosis by the intra- 
peritoneal administration of bile. 

COMMENT 

In Schweizer’s case of spontaneous perforation of the gallbladder, 
the fat necrosis was observed in the omentum. He concluded correctly 
that fat necrosis may occur independent of pancreatic disease. -How- 
ever, in view of the experiments described in the foregoing paragraphs, 
there is reason to doubt that it occurs independent of pancreatic juice, 
as stated by Schweizer. The evidence presented in this investigation 
shows that bile free in the peritoneal cavity is one of the factoi's involved 
in its production. Experiments with solution of bile salts show that 
the bile salts are the active agents in the bile. B. zvcJchii was grown 
from the exudates produced by bile and bile salts ; however, when peri- 
tonitis was produced by this organism, no fat necrosis was observed. 

When only a few foci of fat necrosis were observed, these foci were 
always observed in the fatty tissue near the pancreas. ^^dIen solution 
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of bile salts was introduced into the peritoneal cavities of depancreatized 
dogs, no fat necrosis was produced. The pancreases of the dogs with 
fat necrosis, when examined both grossly and microscopically, were 
normal. Previous investigations tend to show that fat necrosis is pro- 
duced by extravasations of pancreatic juice permitting the enzymes to 
diffuse into the surrounding adipose tissue. Although there is no 
evidence to show that the bile salts per se are capable of producing fat 
necrosis, there is evidence to show that the presence of solution of 
bile salts free in the peritoneal cavity and the pancreas are essential 
for its production. Since there was no gross or microscopic evidence 
of necrosis of the pancreas in these experiments, it is necessary to 
postulate that the pancreatic enzymes were liberated by changes in 
permeability produced by the local action of the bile salts on the 
pancreas. 

CONCLUSIONS 

Fat necrosis may be produced experimentally by allowing a sufficient 
quantity of bile to drain into the peritoneal cavity. 

The bile salts are the active agents in the bile. 

The presence of the pancreas is essential for the production of fat 
necrosis by the intraperitoneal administration of bile. 

The liberation of the pancreatic enzymes is produced presumably 
by changes in permeability caused by the local action of the bile salts 
on the pancreas. 
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Leiomyomas occur chiefly in preexisting smooth muscle tissue. In 
the intestine leiomyomas are not uncommon, but they are rarely seen in 
the stomach and esophagus. 

The association of diverticula with subperitoneal myoma of the 
intestine was noted by Steiner,^ but so far as I have been able to deter- 
mine, such an occurrence has not been described’ in any of the few 
instances of esophageal myoma recorded in the literature. . 

It is true that these tumors ai'e small, relatively rare and often 
asymptomatic, hut the association Avith diverticula may add to their 
significance. Benign tumors of the esophagus may assume considerable 
importance, as in the instance reported by Fahr.- In this case the patient 
died as a result of obstruction to the esophagus by a long, sausage- 
shaped, pedunculated fibroma which was attached at the origin of the 
esophagus and extended to the cardia. Three examples of myomas of 
the esophagus are referred to by Ewing:® Pichler’s case of multiple 
leiomyomas with striated muscle cells and ganglion cells, found in the 
muscular coat; Illig’s case of a large myoma of the esophagus in the 
muscularis; and Eising’s case of polypus myoma made up of atypical 
smooth muscle cells resembling sarcoma, which was also the seat of an 
earl}^ carcinoma. Another example of benign polypoid fibroma was 
reported by Dyke,"* in which the patient died as the result of a malig- 
nant stricture of the esophagus. At autopsy a soft fibroma, covered with 
esophageal mucosa, was found attached at the level of the cricoid carti- 
lage. Anitschkow ® stated that of all fibromas and fibromyomas of the 
gastro-intestinal tract, the myomas, occurring in the muscular coat of 
the esophagus near the cardia, are the rarest. These, however, are not 
clinically significant. He referred to Pichler’s case cited here and 
Ritter’s case with malignancy. Anitschkow reported two instances of 

* Submitted for publication, Jan. 14, 1931. 

* From tbe Department of Pathology, University of Oregon Medical School. 

1. Steiner: Beitr. z. klin. Chir. 22:1, 1898. 

2. Fahr, T. : Klin. Wchnschr. 2:2347. 1923. 

3. Ewing, James: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders 
Company, 1927, p. 233. 

4. Dyke, S. C: J. Path. & Bact. 30:309, 1927. 

5. Anitschkow, N. N. : Virchows Arch. f. path. Anat. 205:443, 1911. 
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small myomas of the esophagus just above the cardia. He believed that 
the most probable explanation of their occurrence is .on an embryologic 
basis. 

No reference is made to coexistence of diverticula with benign 
tumors of the esophagus. Jackson and Shallow “ reported a case of 
diverticulum associated with a malignant condition of the esophagus. 

In view of the fact that no instances of diverticula with related 
myomas have been recorded in the literature, it seems justifiable to 
report two cases. 

REPORT OF CASES 

Case 1. — A woman, aged 32, died at the Multnomah County Hospital of latent 
corrosive mercuric chloride poisoning. She took poison with suicidal intent and 
was brought to the hospital in a moribund condition. The mercurial nephrosis had 
begun to subside when the patient died of diphtheroid and hemorrhagic ileocolitis. 
The small diverticulum and myofibroma in the lower third of the esophagus were 
discovered in the course of the routine postmortem examination. There was nothing 
in the clinical history to indicate that these had ever caused symptoms. 

The tumor was 2.5 cm. above the cardia in the left lateral and posterior wall 
of the esophagus (fig. 1). It was kidne 3 ^-shaped, with the long axis parallel to 
the vertical diameter of the esophagus. The concave surface was directed inter- 
nally toward the lumen of the esophagus and impinged on the orifice of the 
diverticulum, which it narrowed. The tumor measured 3.5 cm. in length, 1.5 cm. 
in width and 1.3 cm. in thickness. The diverticulum e.xtended cephalad and was 
partially surrounded by the tumor, which was arranged over the superior half. 
This association resulted in a comma-shaped ostium of the diverticulum with the 
narrow end directed downward. The opening here measured 0.5 cm. b^^ 1.5 cm. 
The diverticulum was 1 cm. deep and 1.5 cm. wide, and e.xtended 2 cm. upward. 
The tumor was e.xternalh^ smooth and circumscribed. The cut surface was firm, 
shiny and whitish. 

To stud}' the location and structure of the tumor and diverticulum better the 
esophageal wall was cut into blocks, each about 2 mm. thick. The blocks, indicated 
in figure 2 by the letters A, B, C, D, E and F, were embedded in paraffin and 
sectioned serially. Every tenth section was mounted, stained with van Gieson’s 
connective tissue stain and counterstained with hematoxylin. 

Block A included the most inferior portion of the tip of the comma-like orifice 
of the diverticulum. Grossly here the mucosa was eroded at the midpoint, then 
thickened in the depression where it was folded back near the inferior pole of the 
tumor. The muscular coats were of relatively uniform thickness. The end of 
the block near the tumor was thick, owing to the folding of the mucosa and a 
small accumulation of fat external to the muscular coats. 

Microscopic examination of the serial sections revealed definite changes, partic- 
ularly in the mucosa. The usual stratified squamous epithelium was seen at the 
narrow end of the section, but extended only about one fourth of the way across 
the surface to the point of infolding. For a short distance the mucosa was com- 
pletely absent. Soon, however, there were seen glandlike structures in the scarred, 
exposed muscularis mucosae. The mucosa here was replaced by an amorphous 
fibrous and fibrinous substance staining dull blue, and containing many groups 
of alveoli and crypts. The latter were lined with disintegrating tall columnar cells 

6. Jackson, C., and Shallow, T. A.: Ann. Surg. 83:1, 1926. 




Fig. 1 (case 1). — Esophagus opened along the midline posteriori}': A is the 
orifice of the diverticulum ; B, the tumor in the lateral and posterior wall. The 
dotted line C indicates the extension of the myoma about the diverticulum. 



Fig. 2 (case 1).— Serial sections illustrating the relationship of the tumor to 
the diverticulum. The blocks marked A, B, C, D, E and F were selected for 
serial microscopic sections. 
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with small, circular, deepl}" basic-staining nuclei. The cytoplasm was pale and 
clear, and occasionally formed goblet cells. The alveoli and crypts increased in 
number as one approached the infolding at the lower end of the orifice to the 
diverticulum. Here the entire mucosa was formed by these structures with but 
little stroma. There was an irregular infiltration of small lymphocytes and a few 
plasma cells about the alveoli. Such areas closely resembled the structure of the 
mucous glands of the esophagus. Beyond the infolding the mucosa was similar 
to that described in the depths of the fold, but the stroma here was abundant and 
a dull light blue. In the muscularis mucosae at this point there was a localized 
increase in the smooth muscle. The cells were crowded together and tended to 
form whorls. The stroma here was relatively abundant. The muscularis else- 
where was unchanged. The muscular coats were of the usual thickness and free 
from an}’ cellular infiltration. 

Section B was taken from the wall of the esophagus immediately below the 
inferior pole of the tumor and prepared and stained as described. The infolding 
was deeper than in section A, and the erosion of the mucosa less pronounced. 
Microscopically the sections were similar to those of A. The glandular structure 
of the mucosa at the infolding was more pronounced. The mucosa in these 
sections simulated that of the small bowel. The stratified epithelium at the oppo- 
site end of the section covered more of the surface, was thinner, and in one section 
approached the glandular structures. Here the stratified epithelium was very thin 
and fragmented, and appeared to e-xtend out over the glandular area. It was 
separated from the latter by a thin layer of fibrous connective tissue. It was 
evident that the glandular structure represented an overgrowth of the mucous 
glands in the muscularis mucosae, the entire mucosa being eroded. There was 
some distortion of the muscularis beyond the infolding similar to that seen in 
section A. However, the small tumor present here was lost in sectioning. The 
muscular coat was unchanged. 

Gross section C was taken through the inferior pole of the tumor. Macro- 
scopically the mucosa was more complete than in the other two blocks. The 
infolding was deeper, and the modified mucosa of the depression was thicker. 
The muscular walls appeared thicker about the tumor. The tumor here was 
located between the muscularis mucosae and the inner circular muscular coat. 
Microscopically the stratified epithelium was similar to that in section B. It 
covered more of the muscularis and in many sections extended to within a few 
millimeters of the infolding. The modified mucosa, made up of mucous glands 
resting on the muscularis, was more abundant and the fold deeper than previously 
described. Many lymph follicles were seen in the muscularis. The infiltration 
of the modified mucosa by small round cells was here as in other portions. The 
tumor at the wide end of the section was situated between the muscularis mucosae 
and the inner muscular coat. In two of the serial sections the smooth muscle cells 
of the tumor were seen to be continuous with the inner surface of the inner 
circular muscle bundles. The tumor was very dense, being made up of closely 
packed smooth muscle cells and fibrous connective tissue. The smooth muscle 
cells predominated. These cells were arranged in parallel bundles with an occa- 
sional whorl. At this end of the tumor there was an infolding from the inferior 
surface, leaving a small opening and an incomplete septum partially dividing the 
main mass. In the small opening, down near the muscular coat, there were many 
sinuses filled with blood. These formed a small area of hemangiectasis within the 
base of the tumor. The tumor was loosely encapsulated and was itself relatively 
avascular. The muscular coat at this point was many times the thickness seen in 
sections B and A. There were no other evident microscopic changes. 
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Block D was taken through the upper end of the tumor at the widest portion 
of the orifice of the diverticulum. Here the tumor was situated in each lateral 
wall of the diverticulum. The main mass was found at the extreme edge of the 
section with a small, thin comma-shaped portion in the opposite wall. The mucosa 
appeared to be thin as it dipped into the diverticulum. The muscular wall was 
not grossly evident about the walls of the diverticulum. 

Microscopically the stratified squamous epithelium was thinned and eroded; 
but covered the flat surfaces and dipped down into the diverticulum covering 
almost the entire wall. The. floor of the diverticulum, however, was devoid of an 
epithelial lining. The muscularis was exposed, fibrosed and continuous through- 
out, but thinned as it dipped down into the walls of the diverticulum. The 
muscular coat extended to the edge of the small comma-shaped tumor, then 
became very thin as it extended around the tumor and diverticulum. This small 
tumor was continuous with the inner layer of smooth muscle and was similar in 
appearance to previous sections of it. The large tumor mass in the opposite wall 
was of like structure, having an avascular central portion and a somewhat vascular 
peripherj\ 

Block E was taken through the larger portion of the tumor and the most 
superior tip of the diverticulum. Here the diverticulum extended to the mucosa, 
muscularis and muscular coat, as it extended cephalad from the ostium. It was 
surrounded on three sides by tumor. The mucosa and walls of the esophagus 
appeared grossly unchanged. The tumor and diverticulum were between the deep- 
layer of the muscular coat and the periesophageal connective tissue. Micro- 
scopically the mucosa, muscularis mucosae and muscular coats were unchanged. 
The serial section of the small, pouchlike tip of the diverticulum revealed it to be 
lined with stratified squamous epithelium which was slightly thinner than that 
seen on the surface of the esophagus, but which was otherwise unchanged. The 
muscularis was seen deep to the ring of stratified squamous epithelium. The 
tumor was essentially as described previousl}'. 

Gross section F, the last section of the series, was taken at the most superior 
tip of the tumor. Grossly no changes were observed in the wall of the esophagus, 
except for a slight thickening of the mucosa overlying the tips of the tumor. 
Microscopic sections revealed the presence of several mucous glands beneath the 
mucosa. These had slender ducts, which passed along obliquely through the 
muscularis and mucosa. Just proximal to the orifice was an ampulla, which 
narrowed down to form an orifice of small caliber. Near the thick mucosa over 
the tumor the ampulla of one duct was dilated, being some five times the size of 
others. The duct was also dilated, and the gland from which it came was slightly 
enlarged. Here also the overlying mucosa was thrown into small folds and was 
scarred. The glands seen in the other portions were located in the loose connec- 
tive tissue between the muscularis and the muscular coat. The structure of these 
glands was identical with the modified mucosa occurring in the fold at the orifice 
of the diverticulum. There were no remarkable changes in the muscular coat. 

Case 2. — A woman, 59 years of age, was found dead at her residence. The 
coroner’s autopsy revealed marked coronary arteriosclerosis, thrombosis of the 
anterior interventricular branch of the- left coronarj^ artery and chronic rheumatic 
mitral endocarditis with stenosis and insufficiency. During the course of the 
necropsy a small myoma was discovered in the posterior wall of the lower third 
of the esophagus. Just above the tumor in the anterior wall there was a shallow 
diverticulum. 

The tumor was located 1.2 cm. above the cardia and was 1.2 cm. in diameter 
and 1.3 cm. long. It was bean-shaped, with a twisted tapering projection from 
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right to left in the posterior wall of the esophagus. The diverticulum was 3 5 cm. 
above the cardia, was oval shaped, and measured 1.5 cm long, 1 cm. wide, 0.5 cm. 
deep. The long axis was parallel to the vertical diameter of the esophagus. The 
esophagus was 4.5 cm. in circumference at the cardia, 3 5 cm. at the tumor and 4 
cm. just above the tumor. Gross serial sections were made of this portion of the 
esophagus and were prepared as in the previous series The sections selected for 



Fig 3 (case 2). — Cross-sections of the esophagus, tumor and shallow di\er- 
ticulum. The blocks between B and C show the relationship of the tumor and 
diverticulum. Note that the association is not as close as that in case 1 (fig. 2). 

serial microscopic sections are marked A, B and C in figure 3. Block A was from 
the most inferior pole of the tumor The mucosa here was wrinkled and intact. The 
tumor was located in the muscular coat Microscopic examination of serial sec- 
tions revealed the mucosa about the tumor to be modified Here the stratified 
epithelium was thinned and eroded. For a short distance the stratified squamous 
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epithelium was absent, and a modified mucosa similar to that described in the fold 
in case 1 was seen. Likewise there was a large dilated duct, lined with tall 
columnar epithelium. The muscularis was intact throughout. Between it and 
the muscular coat were many mucous glands and ducts, as well as an occasional 
lymph follicle. The tumor at one end of the section was similar in structure to 
that seen in case 1. It was made up of smooth muscle, a scant stroma and 
blood supply. At one point the fibers of the tumor were continuous with those 
of the internal muscular coat. No further changes were noted in the esophageal 
wall. 

Block B was taken from the tip of the small twisted end of the tumor. Grossly 
the mucosa was intact, and the small tumor was indistinctlj" seen in the muscular 
coat. Microscopically, the stratified squamous epithelium was intact, except over 
the tumor, where glandular structures occurred. The mucous glands of the 
muscularis mucosae were numerous and were slightly infiltrated with small round 
cells. The mucosa was thrown into folds and at one point formed a small pouch, 
which was very near the tip of the tumor. Beneath it the tissue was slightly 
infiltrated with small round cells and was fibrosed. The tumor in this location 
was small and completely surrounded by the muscular coat. The latter contained 
in one section another mass similar to the tumor, but much smaller. 

Gross section C was taken through the shallow diverticulum above the tumor. 
Macroscopically the mucosa appeared folded, but otherwise negative. The mus- 
cular walls were unchanged. Microscopically the stratified squamous epithelium 
was intact, but was thinned in the region of the diverticulum. The muscularis 
mucosae was intact and unchanged. The muscular coats revealed no microscopic 
changes. 

COMMENT 

In both cases the leiomyomas occurred in the inner layer of the 
smooth muscle and were directly connected with it. The small tumors 
seen in the second instance were embedded in the smooth muscle, were 
circumscribed and exhibited pseudo-encapsulation. These tumors were 
made of orderl))- whorls of smooth muscle cells very different from the 
normal wavy smooth muscle about them. Such characteristics, with the 
finding of other small tumors similar in structure and location to 
the larger ones, pointed to their congenital origin. Congenital anomalies 
are known to be multiple rather than singular. 

The areas of muscularis covered with mucous glands simulating 
gastric mucosa described in the sections from both cases probably 
represented another anomaly. Ewing, ^ in discussing the etiology of 
carcinoma of the esophagus, referred to islands of mucous glands in the 
esophageal mucosa of persons showing this condition. Hewlett 
described these as the superficial glands of the esophagus and considered 
them to be distinct from the mucous glands beneath the muscularis. 
He stated that these occur as islands of branched tubular glands lined 
with columnar epithelium, replacing the stratified squamous epithelium. 
Microscopically they simulate gastric mucosa, but as the esophageal 


7. Ewing (footnote 3, page 904). 

8. Hewlett, A. W. : J. E.xper. Med. 5:319, 1900-1901. 
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mucosa is considered by Maximow to develop in situ, they could not be 
congenitally misplaced gastric mucosa rests. The absence of parietal 
cells is another point against the gastric origin. Hewlett further stated 
that such islands of glands occur most commonly at the level of the 
cricoid cartilage, but the cardiac end of the esophagus may contain them. 

The association of leiomyomas diveiticula and islands of superficial 
glands of the esophagus undoubtedly points to a common congenital 
origin. Diverticula are known ® to develop at certain ill-supported areas 
of the esophagus. Others are reported to be of congenital origin. 
Jackson and Shallow “ reported such a case and stated that Maylord 
believed that all congenital diverticula of the esophagus have their 
origin in persistent second branchial clefts. Steiner ^ found that the 
associated changes in the lumen of the small intestine depended on the 
location of the tumor in the wall of the bowel. The submucous type 
cause stenosis or intussusception, and the subperitoneal produce diver- 
ticula. These diverticula associated with the small myomas of the 
esophagus may be the result of mechanical factors coupled with the 
congenital defects, evidenced by the tumors and the superficial glands. 
The enlargement of the tumor and the downward pressure of swallow- 
ing may cause a rotation of the tumor with eccentric enlargement and a 
drawing in of the esophageal mucosa to form the diverticulum. Other 
factors may be the thinning of the wall about the tumor and the pos- 
sibility of a congenital defect of the wall as a fourth anomaly. 

SUMMARY 

Two instances of myoma of the lower third of the esophagus with 
associated diverticula are reported, with their gross and microscoj^ic 
characteristics, and illustrations are given. 
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The present investigation of the healing of experimental lesions of 
the gastric mucous membrane in rabbits was begun to determine whether 
there is a tendency in these animals toward the development of chronic 
gastric ulcer and to consider the mechanical effects of the continuous 
presence of food in a constantly distended stomach. 

Ferguson ^ removed an area of mucosa about 1 cm. in diameter from 
the middle of the anterior surface of the stomach in rabbits, and allowed 
them to live for from one to forty days after the operation. There were 
few signs of regeneration, and an ulcer was found in every rabbit of 
the experiment. He suggested that the rabbit’s stomach is never empty, 
that the underlying suture in the muscular and serous coats acts as a 
foreign body, and that there is an intrinsic lack of regenerative ability 
in the gastric epithelium. 

Continuing the work begun by Ferguson, Fauley and Ivy - removed 
an area from the posterior, and one from the anterior, wall of the 
stomach in rabbits, through an incision in the anterior wall. In thirty 
days the simple lesion of the posterior Avail had healed, but there Avas 
a chronic ulcer on the anterior AA’^all at the site of the silk suture. These 
rabbits Avere fed normal rough food. In spite of the silk suture, how- 
ever, onty three of seventeen rabbits Avhich Avere fed soft food had 
ulcers thirty days after the remoA^al of areas of mucosa from the 
anterior Avails of their stomachs. 

Nicolaysen ® froze an area in the anterior gastric Avail in rabbits Avith 
etlwl chloride for from three to eight minutes. This injured all layers, 
not merely the mucosa. Most of the animals that lived, some for six 
months, had typical chronic peptic ulcers. 

METHOD OF EXPERIMENTS 

In operating on the rabbits, aseptic technic and ether anesthesia were used. The 
animals were allowed a diet of alfalfa haj’’, oats and water, with no restriction of 
the quantity eaten. Two tA'pes of operation were performed : removal of an area 

* Submitted for publication, Dec. 9, 1930. 
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2. Fauley, G. B., and Ivy, A. C.: Proc. Soc. Exper. Biol. & Med. 27:531, 
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of mucous membrane from the region of the fundus and removal of an area of 
mucous membrane from the region of the p3dorus. 

( Removal of Area from the Fundus. — The abdomen was opened in the median 
line, from the xiphoid process to the umbilicus. Two mosquito forceps were 
attached to the anterior wall of the stomach, one near the greater curvature at 
about its middle, the other 3 cm. from the first, toward the lesser curvature. The 
stomach was lifted up into the incision with these forceps, and the remainder of 
the abdominal cavitj" was carefullj’^ protected bj" moist gauze packs. The serous 
and muscular coats were incised between the points at which the forceps were 
attached. B3" retracting the combined serous and muscular coats, the underl3'ing 
mucous membrane was readil3" exposed over a large area b3' blunt dissection. 
Then, with scissors, a circular piece of mucous membrane was removed, and the 
opening into the stomach was immediatel3" packed with gauze to stop hemorrhage 
and to prevent leakage of gastric contents. Usuall3' a piece of gastric mucosa 
about 2.5 cm. in diameter was removed ; however, the size could not be determined 
exacth" because the mucosa always seemed to stretch as it was being exposed. The 
incision in the wail of the stomach was closed by one layer of continuous suture 
through the combined serous and muscular coats. In some of the experiments silk 
sutures were used; in others, chromic catgut (no. 00), and in still others, plain 
catgut (no. 00). The omentum was alwa3's laid over the suture line in the 
stomach. The incision in the abdominal wall was closed with three la3'ers of 
continuous silk suture. 

(Removal of Area from the Pylorus. — The abdominal incision was the same as in 
the first procedure. Two mosquito forceps were attached to the anterior surface 
of the pyloric portion of the stomach, one at the upper edge of the thickened band 
of pyloric muscle ; the other, 2 cm. from the first, toward the fundus. With a 
small scalpel, an Incision 2 cm. long was made between the two forceps through all 
la3xrs of the gastric wall, and the mucous membrane on the lesser curvature at 
the upper edge of the p3'lorus was grasped in the forceps. By lifting gentl3^ on the 
forceps, the mucous membrane was separated from the underlying muscle, and a 
round area was snipped off with scissors. Areas from 0.5 to 1.2 cm. in diameter 
were removed. The incisidff=fm the gastric wall was sutured with plain catgut 
(no. 00 ) to make a transverse closure; the mucosa was closed with a continuous 
suture, and the muscle and serosa were inverted with a mattress suture. The 
incision in the abdominal wall was closed as in the first procedure.^ 


RESULTS 

Twenty animals used in the first series of experiments li3^ed longer 
than 20 days, and were dispatched at intervals of from 21 to 121 da 3 ^s 
after operation. One animal died of pneumonia and empyema 100 days 
after operation, but as the mucosa was completel}' heal^fl, the experi- 
ment is included in the consideration of results. Practically all of the 
rabbits that were allo3ved to live for a long time gained weight and 
seemed healthy. 

The gastric mucous membrane of nine of the twenty-one rabbits 
was found to be completely healed. Twelve rabbits had chronic gastric 
ulcer at the site of operation (table 1). All of these lesions, ho3ve3’^er, 
showed definite evidences of healing. The ulcers rvere much smaller 
than the original pieces of mucous membrane removed. None 3vas 
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greater than 1 cm. in diameter ; some were relatively deep and had 
perforated the muscular coat. The omentum was usually adherent to the 
serosa at the site of the lesion. The margins were slightly elevated, and 
overhung the base of the ulcer. On microscopic examination of histo- 
logic sections, regenerating epithelium was seen at the edges of the 
ulcers, as reported by Caylor * in his description of the healing iilcer of 
human beings. The general picture of these gastric ulcers in rabbits 
is similar to that described by Mann ® for healing gastrojejunal ulcers 
in dogs. 

The shortest time in which complete healing occurred was forty- 
nine days. For purposes of comparison, the animals that were killed 


Table 1. — Results After Excision of an Area, of Mucous Mcinhranc from the 

Fundus of the Stomach 


Time 

Allowed to 
■Live After 

Operation, Type of Suture in 


Rabbit 

Day.s 

Dimensions of Ulcer, Cm.* 

Wall of Stomach 

1 

21 

0.8 by 0.8 by 1.0 

Silk 

2 


0.0 by 0.0 by 0.5 

Silk 

8 


0.3 by 0.3 by 0.2 

Plain catgut 

4 


0.8 by 0.5 by 0.8 

Plain catgut 

5 


0.3 by 0.3 

Silk 

0 


None 

Silk 

7 


None 

Plain catgut 

8 


0.4 by 0.4 by 0.4 

Silk 

9 


0.4 by 0.3 by 0.2 

Chromic catgut 

10 


None 

Silk 

11 

04 

None 

Plain catgut 

12 


None 

Chromic catgut 

13 


None 

Silk 

14 


0.8 by 0.8 by 1.0 

Silk 

15 


0.2 by 0.1 by 0.1 

Plain catgut 

10 


1.0 by 0.8 

Silk 

17 


None 

Chromic catgut 

18 


None 

Silk 

19 


0.3 by 0.3 

Silk 

20 

100 

0.2 by 0.1 by 0.1 

Chromic catgut 

21 


None 

Silk 

* The 

area of gastric mucosa removed was approximately 2.5 cm. in 

diameter. 


after forty-nine days were considered separately in groups according 
to the type of suture material used in closing the wall of the stomach. 
In each group, healed lesions and ulcers were about equal in number 
to those in the other groups, indicating that the type of suture used 
in the wall of the stomach apparently had no relation to the failure of the 
mucosa to heal (table 2). Also, although in some instances a piece of 
silk suture was hanging in the lumen of the stomach from the l^ase of 
the ulcer, in others, pieces of silk suture extended through healed 
mucous membrane. It is certain that some of the ulcers were not 
caused by the presence of the suture as a persistent mechanical irritant. 


4. Caylor, H. D. : Ann. Surg. 86:905, 1927. 

5. ]\Iann, F. C. : S. Clin. North America 5:753, 1925. 
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and that some of the areas healed in spite of the retained suture 
mateidal. 

Of the rabbits used in the second^ experiment, nine were killed at 
intervals of from 25 to 114 days after operation. In two rabbits, killed, 
25 and 43 days after operation, respectively, ulcers were found at the 
sites of the removal of mucosa. In all the other animals of the series, 
the mucous membrane of the lesser curvature of the stomach was 
healed ; in four of them, however, a chronic ulcer was present at the site 
of the gastrotomy (table 3). In all the operations of this type, the 
incision in the stomach was closed with sutures of plain catgut (no. 00). 

Table 2. — Relation of Type of Suture in Wall of Stomach to Healing 



Silk 

X. _ 


Chromic Catgut 

Plain Catgut 

^ 


Total 

1 

Days After 

i 


Ulcer 


\ 

Ulcer 

f 

^ 

Ulcer 

' 

Ulcer 

Operation 

Healed 

Present 

Healed 

Present 

Healed 

Present 

Healed Present 

0 to 48 

0 


3 

0 

0 

0 

2 

0 

r, 

49 to 121 

5 


4 

2 

2 

2 

1 

9 

7 

Total 

5 


7 

2 

2 

2 

O 

O 

9 

12 


Table 3.- 

—Results After Excision of an Area of Mucous 
Pyloric Region of the Stomach 

Membrane from the 


Time 

Dimensions 

Dimensions of Ulcer ' 


Allowed to 

of Area of 




r ~ ~ “ 



Live After 

Mucosa 

At Site of Removal 

At Site of 


Operation, 

Removed, Cm. 

of Aren of Mucosa, 

Gastrotomy, 

Rabbit 

Days 

(Appro.vimatcly) 

Cm. 

Cm. 

22 

25 

0.5 by 0.5 

1.0 by 0.2 by 0.1 

None 

23 

43 

1.2 by 0.7 

1.0 by 0.8 by 0.2 

None 

24 

50 

1.0 by 0.S 

None 

1,2 by 0.7 by 0.2 

25 

84 

0.5 by 0.5 

None 

1.0 by 0.7 by 0.1 

26 

SS 

1.0 by 0.5 

None 

None 

27 

105 

0.8 by 0.8 

None 

1.5 by 0.5 by 0.2 

28 

105 

1.0 by 1.0 

None 

None 

29 

114 

1.0 by 0.8 

None 

0.1 by 0.1 by 0.1 

30 

114 

0.8 by 0.8 

None 

None 


Therefore, failure of the mucosa to heal completel}'^ was not due to the 
presence of nonabsorbable suture material in the underlying tissues. In 
one animal the lesion of the lesser curvature was entirely healed, and 
the mucosa had healed at the point of gastrotoni}'^ to form a tight 
sheath around several stiff hairs which were projecting into the stomach. 


COMMENT 

After removal of an area of mucosa from either the region of the 
fundus or that of the pylorus of the stomach of a rabbit, healing 
occurs much more slowly than in dogs or cats. Experiments invohdng 
the latter two animals have been reported by Morton,® Carnot,’^ 


6. Morton, C. B. ; Ann. Surg. 85:207, 1927. 

7. Carnot, Paul: Compt. rend. Soc. de biol. 94:637, 1926. 
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F'erguson, Dragstedt,® Dragstedt and Vaughn ® and Wilensky and 
Geistd" This was indicated by Ferguson, whose studies did not extend 
over so long a time after operation as the experiments now being 
reported. 

As the areas of mucosa removed from the region of the^pylorus^vere 
smaller than those removed from the region of the {fundus, )l^e rates 
of healing could not be exactly compared. Healing occurred more 
quickly, however, in the area in the lesser curvature of the stomach, in 
the region of the pylorus. Morton showed, in dogs, that this region is 
most susceptible to the development of chronic ulcer. Either this rule 
does not hold true in regard to rabbits, or some other factor was 
responsible for the development of chronic ulcers in the present 
experiments.^ 

The presence of the suture line directly underneath the lesion of 
the gastric mucosa undoubtedly was significant in delaying healing. 
This was suggested in the series of operations on the fundus, but was 
more forcibly indicated in the operations in which an area was removed 
from the lesser curvature, near the pylorus. Chronic ulcers developed 
in almost half of the latter cases, under the scar of the incision, even 
though mucous membrane was not removed from that site. The 
presence of hair and other roughage in the gastric content and the 
presence of nonabsorbable suture material in the wall of the stomach 
did not seem to be significant factors in delaying healing. Probably 
the increased connective tissue at the site of the incision, resulting in 
impaired circulation, was the chief cause of the development of ulcers. 

8. Dragstedt, L. R. : Contributions to the Physiology of the Stomach : 
XXXVIII. Gastric Juice in Duodenal and Gastric Ulcers, J. A. M. A. 68:330, 
1917. 

9. Dragstedt, L. R., and Vaughn, A. M. : Gastric Ulcer Studies, Arch. Surg. 
8:791, 1924. 

10. Wilensky, A. 0., and Geist, S. H. : Experimental Studies in the Produc- 
tion of Chronic Gastric Ulcer, J. A. M. A. 66:1382, 1916. 



Clinical and Occasional Notes 


A NEW BRAIN SLICER 

H. C. Stevens, M.D., Cleveland 

The device which is here described makes possible the accurate cut- 
ting of uniformly thick gross sections of the hardened human brain, 
varying in thickness from 5 mm. to several centimeters. By orienting 
the brain with reference to the plate, 5 (see figure, a), sections may be 
cut in the horizontal, vertical (sagittal) and transverse (coronal) planes. 
Owing to the fact that the longitudinal axis of the brain is a curve with 



the concavit}"^ downward, it is desirable to be able to cut transverse 
sections at right angles to this curve. This may be achieved b}"^ angu- 
lating the knife with successive sections through the brain from the 
anterior to the posterior portion. The plate, 5 (see figure), is essential 
for the cutting of thin sections, because it forms a firm, flat surface 
against which the brain is pressed. In order that the plate may be used 
when the knife is angulated, it is evident that the plate also must be 
capable of rotation, so that its surface ma}' be kept parallel with that of 
the knife. 

* Submitted for publication, April 9, 1931. 

* From the Institute of PathologA’’, Western Reserve Universit 3 \ 
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The apparatus which is shown in diflferent views in the figure {a, b, c, d) 
consists, in essentials, of two slotted knife-guides, 1 and 2, which are mounted on 
an oak base, 3, covered with linoleum, d. A brass plate, 5, can be advanced or 
withdrawn bj^ means of the screw, 6, which is turned by knurled head, 7. Angula- 
tion of the brass plate, 5, is brought about and maintained b}-^ means of two winged 
nuts, 8 and 8'. The degree of angulation of the knife-guides is measured on the 
protractor, 9, and fixed b 3 '' the winged nuts, 17 and 17'. The plate is made parallel 
to the knife by sighting through the slots, 10, of the knife-guides. The slotted 
knife-guides are made from one piece of strap iron, 5 by 12 mm. in cross-section, 
which is bent in the form of a broad letter U. The horizontal part of this piece 
of metal is placed in a slot, 11, cut out of the under surface of the oak base, 3. 
The axis about which the knife-guides rotate is that of the screws, 12 and 12'. 
The dimensions of the base are 27.5 by 20 by 5 cm. The covering of linoleum is 
6 mm. thick. The knife-guides are 20 cm. long. The slot in the knife-guides is 
2 mm. wide. The screw, 6, permits a travel of 6.3 cm. This screw, which is 1 
cm. in diameter, is housed in an oblong brass box, 13, 8 by 3.5 cm., made of a brass 
plate 0.5 cm. thick. A brass block, 14, which travels on a screw, 6, carries a brass 
tongue, 15, which is placed in a narrow cleft of 16, and gripped tightly by nuts 8 
and 8'. The plate, 5, is made of brass 15 by 12.7 by 0.2 cm. The fiber of the 
wood is filled with melted paraffin to prevent absorption of liquids. The knife, 
18, which is 34 by 2.5 bj^ 0.1 cm., was made from a piece of hack-saw blade of 
Sheffield steel. 

Another very simple device to aid in slicing the brain was described 
by Anderson.^ 

1. Anderson, J. : How to Stain the Nervous System, Edinburgh, E. & S. 
Livingstone, 1929. 
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CARDIOVASCULAR RENAL DISEASE 

REPORT OF A CASE OF THREE THOUSAND YEARS AGO * 

ALLEN R. LONG, M.D. 

BUFFALO 

Although a good deal of work has been done on the gross anatomy 
and histology of mummies, the nature of the material has not usually 
been such that the diagnosis of a disease affecting several organs has 
been possible. The case here reported seems to be an example of the 
condition commonl}' called cardiovascular renal disease, occurring in an 
elderly person 3,000 years ago, who also had marked pneumonokoniosis, 
with encapsulated caseous areas in one lung. 

Through the courtesy of Mr. H. E. Winlock of the Metropolitan 
Museum of Art, New York, the organs of seven Egyptian mummies 
were received in this laboratory. They were excavated from a tomb 
used for women connected with the royal family during the Twenty- 
First Dynasty (about 1,000 B.C.), at Deir el Bahri in ancient Thebes. 

The mumm}'- in question was that of a person named Teye, whose 
age, according to Mr. Winlock, seemed to be about 50 years. The hair 
was white, the skin of the abdomen wrinkled, and the bones were much 
rarefied, but the manuhrium was not joined to the sternum. 

Eight organs were submitted for examination. Of the eight it 
was possible to identify beyond question both lungs, the intestines, the 
kidneys, the heart and the aorta. 

O’he heart was the most satisfactory. It needed to be handled with 
great care. It was about the size of a hen’s egg, not much thicker 
than an egg shell and much more fragile. The mitral valve was located 
and photographed ; the chordae tendineae and papillary muscles were 
plainly shown (fig. 1). There was a small calcified mass on one leaflet 
indicating old endocarditis. 

The coronary arteries showed well marked fibrous thickening, 
chiefly of the intima, with good-sized patches of calcification (fig. 2). 
The striae on the cardiac muscle fibers were photographed. There 
were areas of fibrous tissue in the cardiac muscle, like little scars. It 

* Submitted for publication, Jan. 13, 1931. 

* From the Department of Pathology, University of Buffalo School of 
Jiledicine. 
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is probable that the woman suffered from cardiac pain that would be 
called angina pectoris today. 

The aorta showed moderate nodular arteriosclerosis. Sections of 
the aorta took specific stains for elastic tissue well. 



Fig. 1 . — The heart, showing the mitral valve ; natural size. 



Fig. 2 . — A coronary artery : a low power photomicrograph ; X 16" 

Both lungs presented marked pneumonokoniosis. Bits of cartilage 
from the bronchi were demonstrable. One lung had a few areas of 
caseation that were well encapsulated by fibrous tissue, but no tubercle 
bacilli were demonstrable. 
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The microscopic structure of the intestinal wall was recognizable 
only as far as its layers were concerned. The contents were miscel- 
laneous vegetable fibers of no particular interest. No parasites were 
found. 

Both kidneys were recognized by their histologic structure; many 
glomeruli were fibrous. There was a thick capsule and a large amount 
of interstitial fibi'ous tissue with arteriosclerosis of medium-sized 
arteries. No nuclear stain was secured in any of the sections. 

In the package that should have contained liver were found two 
large pieces of tissue that appeared to have been varnished. Neither 
of them appeared like the livers from the other mummies. Each of 
these pieces contained a large mass of adipocere. In the examination 
of a large number of sections, no clue to the identity of the organ 
could be discovered. Only a quantity of adipose tissue could be 
recognized. The suspicion may be entertained that the ancient 
embalmers lost the liver iDelonging to the lady Teye, and that a mass 
of putrid tissue from some animal was substituted. It is also suggested 
that she may have been more than 50 years of age. 



General Review 


BACTERIAL METABOLISM, C 

A SUMMARY * 

ARTHUR ISAAC KENDALL 

CHICAGO 

Bacteria, the smallest and simplest in structure of known independent 
living things, are very close to that shadowy hiatus between the quick 
and the dead. In them the phenomena of life are reduced to the most 
primitive terms.. They have no sex, no morphologically distinct nucleus,^ 
and all the essential functions of growth, multiplication and purpose 
in the scheme of life are carried on by single cells, the average diameter 
of which is rather less than 1 micron (0.001 mm.), and of which a 
single one would weigh about 0.000,000,002 mg." 

In the study of the microscopic forms known as bacteria, we have what might 
fitly be called the focal point of the various branches of biological science. Though 
their investigation may require careful morphological researches, yet the unmis- 
takable monotony of form, combined with a considerable variation of physiological 
activity, has compelled the bacteriologist to pay much attention to means by which 
such physiological variations may be more or less accurately registered in order 
that they may serve as a supplementary basis for classification. Again, with the 
unicellular organisms, the manifestations of cell activity become the most impor- 
tant phenomena for study. These manifestations bring together the fields of 
Physiology and Chemistry, and make Bacteriology in one sense a branch of 
Physiological Chemistry.^ 

Thus wrote Theobald Smith thirty-eight years ago. At that time, 
physiologic chemistry was a promising department of physiology, and 
bacteriology was making its spectacular appearance in the world of 
science as a foster child of pathology. Now, after four decades, the 

* Submitted for publication, Jan. 21, 1931. 

*From the Department of Research Bacteriology, Northwestern University 
A'ledical School. 

* Studies in Bacterial Aletabolism have appeared as follows : I- VII, J. Biol. 
Chem. 12:13, 19, 215, 219, 465, 469, 1912; ibid. 13:63, 1912; VIII, Med. Rec. 84: 
151. 1913; IX, Boston M. & S. J. 168:825, 1913; X, J. Infect. Dis. 13:425, 1913; XI, 
J. Biol. Chem. 15:277, 1913; XIII, J. M. Research, n. s. 23:465, 1913 ; XIII-XXX, J. 
Am. Chem. Soc. 35:1201, 1913; XXXI-XXXVIII, ibid. 36:1937, 1914; XXXIX- 
XCIX, J. Infect. Dis. 15-47: (inch), 1914-1930. 

1. The bacterial cell is rich chemically in nuclear substance, however. 

2. Kendall, A. I.; Civilization and the Alicrobe, Houghton Mifflin Company, 
1923, p. 17. 

3. Smith, Theobald: The Fermentation Tube, Wilder Quarter Century Book 
1893. 
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import of these prophetic asseverations has become more generally 
comprehended. The amazing developments in physiologic chemistry 
and in bacteriology have opened vistas which lead forward to the under- 
standing and the conquest of disease, and to the harnessing of microbic 
activity to the i^rojects of man. They reach backward to a primitive 
pattern of life itself. The chemical changes induced by various kinds 
of bacteria in their environment during growth and multiplication afford 
important information of the chemical pattern of life in general, and 
in particular as it relates to animals and to man. 

GENERAL PHENOMENA OF BACTERIAL METABOLISM 

The metabolism of any living organism consists of two distinct 
phases : a structural phase in which the organism reproduces and replaces 
its traditional and hereditary architecture, and an energy phase during 
which the organism characteristically performs certain actions .consonant 
with its place on the ladder of life. In the bacteria these two phases, 
while somewhat overlapping, are readily distinguishable chemically, 
with respect both to the character of the products formed and to the 
nature of the processes involved. The structural phase precedes the 
energic phase in point of time, but this interval may be very brief 
indeed. For example, with the aid of the microscope, cholera vibrios, 
growing under optimal conditions of temperature and nutrition, may 
actually be seen to divide into two mature organisms every fifteen 
minutes. This rate of multiplication, if continued under favorable 
conditions, would mean ninety-six generations in twenty-four hours, 
with a theoretical daily progeny of nearly 8 X lOj-® an immense number: 
thus a person may be exposed to cholera and die of it within eighteen 
hours. Fortunately, many natural barriers — exhaustion of food, accumu- 
lation of waste products, mutual antagonism — restrain microbic growth 
to compatible limits. 

The phenomena of this microbic growth are important. Phylogen- 
ically, the cholera organism creates an exact rqplica of itself every 
fifteen minutes over a period of time. This involves among other sub- 
stances, the fabrication of that exquisitely complex and specific heredi- 
tary protein architecture in which resides the elan and the individuality 
of the organism. Chemically, this proteinogenesis is a series of hydro- 
genic condensations in which simpler amino-acids and peptides are 
elaborated into complex specific proteins through the union of the smaller 
molecules, usually with elimination of hydrogen and oxygen in propor- 
tion to form water The actual amount of nitrogenous material required 

4. Kendall, A. I.; Bacteriologj', ed. 3, Philadelphia, Lea & Febiger, 1928, 

p. 68. 
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to produce a complete microbe is extremely small, as the following 
calculation. will show : 

Bacillus coli is an average-sized organism. It measures approxi- 
mately 1 micron in diameter and 2 microns in length. Its specific gravity 
is about 1.030. Its weight, has been shown previously,® is approxi- 
mately 0.000,000,002 mg. Five hundred millions of colon bacilli, 
therefore, would weigh scarcely 1 mg. About 85 per cent of the total 
weight of a bacterium is water, hence the substance not water, of 
500,000,000 colon bacilli is but about 0.15 mg., an extremely small 
amount. It follows then that even with a very generous allowance for 
waste, the quantities of materials required to furnish the structural 
needs of half a billion fully mature colon bacilli are expressible in small 
fractions of a gram. 

In disproportionate contrast to the minuteness of the average-sized 
bacterial cell is its capacity to induce extensive chemical changes in its 
environment. The physiologic basis for this phenomenon lies partly, but 
not entirely, in the ratio of the surface area of the bacterium to its 
weight or mass. 

The structural needs of living things are, in general, directly related 
to their mass ; their energy requirements, on the other hand, are a 
function of, the ratio of their surface area to their mass. A comparison 
of these ratios for B. coli and for man will be illuminating: 

B. coli surface , 0.000,01 sq. mg. man surface . 1.5 sq. M. 

B. coli weight ' 0.000,000,002 mg. man weight ’ 70 kilograms 

In the microbe, this ratio of 5,000 to 1 contrasts sharply with the 
corresponding ratio or relative equality for man. A word of caution 
must be interjected at this point. The ratio of surface area to weight, 
while very important, does not explain all the phenomena associated with 
microbic mass and concomitant microbic chemical change. For example, 
B. dysenteriae, almost exactly the same size as B. proteus, induces far 
less chemical conversion per microbe-milligram hour and per microbe- 
molecule disruption in mediums from which carbohydrate is excluded, 
than the latter. This is in keeping -with an observation of Theobald 
Smith ® that, in general, pathogenic bacteria are chemically less reactive 
than saprophytic bacteria. In corresponding mediums to which utilizable 
carbohydrate has been added, these organisms are mutually transformed 
into producers of lactic acid. Under these conditions their metabolic 
activities, both qualitatively and quantitatively, approach equality more 
closely." 

5. Footnote 4, p. 26. 

6. Smith, Theobald: Am. Med. 8:711, 1904. 

7. Kendall, A. I.: Am. J. M. Sc. 156:157, 1918. 
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QUALITATIVE PHENOMENA OF BACTERIAL METABOLISM 

From the earliest days of bacteriology, it has been known and 
recognized that bacteria, each after its kind, “ferment” certain sugars. 
They fail to “ferment” other sugars. The precision with which these 
fermentative reactions may be reproduced indicates that a very funda- 
mental phenomenon is involved. Herein lies both a method for the 
recognition of bacteria through their consistent utilization 'of certain 
sugars, and conversely, a method for the recognition of certain sugars 
through their consistent utilization by certain bacteria.* *^ B. alcaligencs 
and a few other microbes do not utilize an^ known carbohydrates for 
energy. They are those exceptions in the bacterial family which afford 
additional evidence of the correctness of the phenomena just mentioned. 
Another important concept flows from these fermentative reactions of 
bacteria. Most bacteria produce noteworthy amounts of acidic substances 

Table 1. — Products of Action of Various Bacteria on Mediums (i) Containing 
and (2) A'ot Containing, Utiliaahle Sugar 


Product.? When Growing in Medium in 
/ \ 

Organism Presence of Utilizable Sugar Al)scnce of Utilizahle Sugar 

B. alcaligencs*' Ammonia; endotoxin Ammonia; endotoxin 

B.coli Lactic add Indoi, phenois, ammonia 

B. proteus Lactic acid Indoi, ammonia, soiuljle proteoiytic enzyme 

B. weichii Lactic and butyric acids Soluble, specific toxin 

B. diphthcriae Lactic acid Soluble, specific toxin 


* B. alcaligencs cannot utilize (ferment) any sugar. 


(conspicuous among which is lactic acid) from the utilization of these 
sugars, whereby they are automatically reduced to a nearly uniform 
type of chemical activity. Even so, however, their biologic specificity 
is of course maintained. In absence of utilizable carbohydrate, but 
under otherwise parallel conditions, each microbe produces from the 
common nitrogenous constituents of cultural mediums chemical sub- 
stances which are specific for each kind of organism ; otherwise they 
would be mutually chemically indistinguishable. Stated differently, it 
appears that the chemical individualities of at least a majority of the 
commonly known bacteria depend on their utilization of nitrogenous 
substances for both energy and structural requirements." This is shown 
qualitatively in table 1. Two highly important facts stand out clearly. 
In presence of both the usual nitrogenous constituents of cultural 
mediums and, in addition, a utilizable carbohydrate, the several bacteria 
cited, with the significant exception of B. akaligenes (which it will be 
remembered ferments no sugars), produce lactic acid in common. A 


8. Kendall and Yoshida; J. Infect. Dis. 32:355 and 362, 1923. 
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chemical analysis of these cultural mediums freed from bacteria would 
therefore afford little or no information of the identity of the microbe 
in each case, as putrefactive products or substances indicative of the 
utilization of proteins for energy are entirely absent. This absence 
of putrefactive products in cultures of bacteria grown in carbohydrate 
mediums has long been recognized through the observations of Pere,” 
Kruse, Smith,’^^ Marshall and many others. 

in absence of carbohydrate, but under otherwise parallel conditions, 
each organism, after its kind, generates distinctive products of growth. 
B. coli, for example, forms indol, phenolic bodies and ammonia; B. 
proteus, indol, ammonia and a powerful, soluble proteolytic enzyme; 
B. -welchii and B. diphtheriae each a potent, specific soluble toxin. A 
chemical analysis of these carbohydrate- free mediums, after removal 
of bacteria, would therefore reveal the identity of the microbe involved. 
This Dr. Jekyll-Mr. Hyde phenomenon is so generally encountered 
among bacteria parasitic on or pathogenic for man it may be stated 
unequivocally that these bacteria, while utilizing carbohydrate for energy, 
generate in common lactic acid as their characteristic product of metabo- 
lism. These same bacteria, utilizing protein derivatives in place of 
carbohydrate for their energy, produce nitrogenous substances that are 
chemically specific. The phenomena mentioned refer to conditions 
under which there is respectively either an excess or an absence of 
utilizable carbohydrate. If a small quantity of carbohydrate is present 
in a culture medium, an amount which can be completely fermented by 
a specified microbe before accumulation of acid restrains its further 
growth, the initial product of metabolism is, of course, lactic acid. When 
the sugar is exhausted, the bacteria of necessity turn to the protein 
ingredients of the medium for their energy requirements. The products 
of metabolism then include, in addition to lactic acid, gradually increas- 
ing amounts of specific, nitrogenous products of metabolism, the chem- 
ical composition of which depends on the organism under consideration. 
Some practical applications of this Dr. Jekyll-Mr. Hyde phenomenon 
will be discussed later. 

QUANTITATIVE PHENOMENA OF BACTERIAL METABOLISM 

There is quantitative chemical proof, as well as qualitative chemical 
evidence, of the correctness of the doctrine that bacteria, as here indi- 
cated, utilize carbohydrate in preference to nitrogenous substances 

9. Pere; Ann. cle Inst. Pasteur 6:512, 1892. 

10. Kruse: Ztschr. f. Hyg. u. Infektionskr. 17:1, 1894. 

11. Smith: J. Exper. IMed. 2:543, 1897. ' 

12. Marshall : J. Hyg. 7:581, 1907. 
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for energy, when both are simultaneously available. The chemical 
analyses recorded in table 2 show the quantitative changes induced in 
the nitrogenous constituents of cultural mediums by four representative 
bacteria cultivated both in presence and in absence of dextrose. The 
methods of analysis and the details of each organism are published 
elsewhere. The results are expressed in milligrams of nitrogen per 
hundred cubic centimeters of culture medium. 

Table 2 shows comparatively and in detail the nature and the extent 
of the changes induced by B. dysenteriae, Shiga, B. typhosus and B. coli 

Table 2. — Quantitative Changes Induced in Nitrogenous Constituents of Plain 
Medium and Medimn Containing Dextrose by Given Bacteria 


Results of Analyses, Big. per 100 Cc. of Bledium 



Nitrogenous 
Constituents of 

i 


Plain Medium 




Dextrose Medium 

Organ- 

Con- 

1 

3 

0 

10 

1 

3 

0 

10 

ism 

Bledium 

trol 

Day 

Days 

Days 

Days 

Day 

Days 

Days 

Days 

B. dysen- 

Total nitrogen 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

teriae. 

Protein nitrogen 

716 

710 

758 

780 

757 

710 

70S 

842 

790 

Shiga 

Nonprotein nitrogen. . 

284 

284 

243 

221 

243 

284 

231 

1.58 

210 


Polypeptid nitrogen... 

200 

213 

107 

139 

158 

194 

157 

74 

127 


Aminonitrogen 

32 

32 

27 

32 

32 

27 

25 

38 

38 


Ammonia nitrogen — 

53 

52 

48 

50 

52 

54 

51 

40 

40 

B. typho- 

Total nitrogen 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

sus 

Protein nitrogen 

715 

743 

754 

854 

808 

733 

743 

830 

827 


Nonprotein nitrogen.. 

285 

201 

249 

140 

197 

270 

201 

155 

170 


Polypeptid nitrogen... 

193 

103 

155 

41 

91 

182 

167 

02 

95 


Aminonitrogen 

39 

45 

41 

40 

30 

41 

47 

48 

37 


Ammonia nitrogen.. . . 

47 

53 

54 

65 

72 

45 

45 

45 

45 

B. coli 

Total nitrogen 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 


Protein nitrogen 

710 

726 

790 

810 

789 

720 

790 

830 

800 


Nonprotein nitrogen. . 

284 

273 

210 

189 

210 

273 

211 

lOS 

199 


Polypeptid nitrogen... 

200 

190 

129 

87 

100 

191 

135 

87 

117 


Aminonitrogen 

32 

21 

11 

20 

20 

30 

28 

33 

37 


Ammonia nitrogen 

54 

03 

09 

73 

79 

53 

47 

47 

47 


in the nitrogenous constituents of the cultural mediums, both in presence 
and in absence of dextrose, and after one, three, six and ten days’ 
incubation at 37 C. These changes are in general progressive up to and 
including the sixth day, when the cultures have reached their maximal 
growth. By the tenth day, recessive changes and autolysis have taken 
place. For brevit}^ therefore, discussion is limited chiefly to the 
analyses for the six days’ growth. 

Metabolism of B. Dysenteriae, Shiga, B. Typhosus and B. Coli. — In 
Presence of Dextrose: The outstanding and significant feature of the 
growth of the dysentery, typhoid and colon bacilli, respectively, in the 
dextrose-containing mediums is an increase in the protein nitrogen frac- 

13. Kendall, A. I.: J. Infect. Dis. 30:211, 1922. 

14. On B. dysenteriae Shiga, see Kendall and Haner: J. Infect. Dis. 30:225, 
1922 ; on B. typhosus, ibid., p. 232 ; on B. coli, Kendall and Bly ; ibid., p. 239. 
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tion and a concomitant, almost molecule-for-molecule decrease in the 
polypeptid nitrogen fraction. This is readily seen in table 3. In 
the dextrose culture of the dysentery bacillus, the protein nitrogen 
fraction increased 126 mg. in six days, and the polypeptid fraction was 
concomitantly reduced 126 mg.; in the culture of B. typhosus, the gain 
in protein nitrogen was 135 mg. and the loss in polypeptid nitrogen 
was 136 mg. ; the gain in the protein nitrogen fraction for B. colt was 
114 mg., corresponding to a loss of 113 mg. for the polypeptid nitrogen 
fraction. The aminonitrogen and the ammonia nitrogen fractions of 
the mediums containing dextrose remained practically constant during 
this six day period of growth. The total nitrogen content also remained 
unchanged. The explanation for this shifting of polypeptid nitrogen 
fraction to protein nitrogen fraction, therefore, is very simple and direct. 


Table 3. — Bacterial Changes Induced in Nitrogenous Constituents of a Medium 

Containing Dextrose 


Results of Analyses, Mg. per 300 Cc. of Medium 

- 


Organism 

Nitrogenous ^ 

Constituent 

Control 

A 

After 6 Days 

Gain or Loss 

B. dysenteriae, Shiga 

Protein nitrogen 

716 

842 

+120 


Polypeptid nitrogen 

200 

74 

—120 

B. typhosus 

Protein nitrogen 

715 

850 

+135 


Polypeptid nitrogen 

198 

62 

—136 

B. coli 

Protein nitrogen .... 

716 

830 

+114 


Polypeptid nitrogen 

200 

87 

—113 


These organisms, utilizing dextrose for their energy requirements, have 
multiplied rapidly. Nitrogen in some form is indispensable for the 
structural needs of bacteria. The bacteria have selected polypeptid 
nitrogen and woven it molecule for molecule into the complex protein 
nitrogen of their bodies. For this purpose neither the aminonitrogen 
nor the ammonia nitrogen fractions of these cultural mediums are as 
suitable as the ingredients which comprise the polypeptid nitrogen. 
The aminonitrogen and the ammonia nitrogen fractions therefore remain 
quantitatively unchanged. 

In Absence of Dextrose : In absence of dextrose, when the bacteria 
must obtain both their energy and structural requirements from the 

15. Miss Stephenson (Bacterial Metabolism, London, Longmans, Green & 
Company, 1930, p. 218) makes the surprising assertion that “ammonia is undoubt- 
edly the chief nitrogenous product of the bacterial decomposition of protein, but 
it is also the chief nitrogenous food of bacteria : . . . the decrease of ammonia 
in bacterial cultures on broth, meat, etc., to which carbohydrate has been added 
is to be attributed in the main to the increased bacterial multiplication due to an 
additional and readily available source of carbon.” 
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nitrogenous constituents of the mediums, the course of events is some- 
what different, as is clearly indicated in table 4. 

Here again, there is a very material increase in the protein nitrogen 
fractions, indicative of the increase in the bacterial population after six 
days’ growth. With the exception of B. dysenteriae, this increase in 
protein nitrogen is more than compensated for by losses in the polypeptid 
fraction. In other words, the polypeptid loss exceeds the gain in pro- 
tein nitrogen. The excess loss in the nonijrotein fraction is found 
chiefly in the increase of the ammonia fraction of the cultural mediums. 
This is deamination. It is a measure of the amounts of nitrogenous 
constituents of the mediums used by the bacteria for their energy 
requirements. Ammonia as such has no energy value for microbic 
growth.^® It is eliminated from the peptid molecules prior to their 
oxidation for the energy needs of the microbes, and it consequently 
collects as ammonia in the cultures. This is shown very clearly by the 

Table 4. — Changes Induced in Nitrogenous Constituents of Plain Medium by 

Given Bacteria 


Gain or Loss on Six Days’ Incubation, Mg. per 100 Cc. of Medium 

— - A- ■ 


/- — - - ^ 

Protein Polypeptid Amino- Ammonia 

Organism Nitrogen Nitrogen nitrogen nitrogen 

B. dysenteriae, Shiga -t- 04 — 01 0 — ,*3 

B. typhosus -i-130 — li)7 1 ’ -f IS 

B. coli -i- 94 —113 — C -f 19 


analyses. It may be remarked parenthetically here that there is no 
accumulation of ammonia in those cultures in which dextrose is avail- 
able as a source of energy. Returning to B. dysenteriae : it will he 
noted that the protein nitrogen increase in the culture of this organism 
is associated with an almost identically equivalent loss in polypeptid 
nitrogen. In this respect, the dysentery liacillus appears to differ chem- 
ically in its metabolism from B. typhosus and B. coli. It will be recalled, 
however, that B. dysenteriae (Shiga variety), unlike most other 
parasitic and pathogenic bacteria, can utilize the carbohydrate moiety 
of the protein molecule for its energy requirements. Hence the 
dysentery bacillus is using carbohydrate for energy, even in dextrose- 
free mediums, and its metabolism here should, and does, approach 
that of a culture of this microbe in a medium containing dextrose. 

Comment on Metabolism of B. dysenteriae, Shiga, B. typhosus 
and B. coli: These studies of metabolism in sugar-free mediums and 
in mediums containing dextrose reveal one important common feature : 

16. Except for certain ti’^pes of soil bacteria. Cf. Waksman: J. Bact. 7:231, 
1922. 

17. Kendall and Farmer; J. Biol. Chem. 12:13 and 215, 1912. 
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in each instance the polypeptid fraction of the medium is by far 
the most readily utilized, both for the structural and (in absence 
of dextrose) for the energy needs of the organisms herein described. 
The totality of discernible nitrogenous change in the mediums containing 
sugar is a molecule-for-molecule loss of polypeptid nitrogen for a cor- 
responding gain in protein nitrogen. In the sugar-free mediums, with 
the exception of B. dysenferiae, for reasons previously mentioned, the 
polypeptid fraction is used not only for the structural needs of the 
newly formed bacteria as indicated by the gain in protein nitrogen, 
but also for their energy needs. This is shown by the reciprocal loss 
of polypeptid nitrogen and the concomitant gain by deamination 
(ammonia nitrogen). These observations are in barmony with the well 
attested fact that a great majority of bacteria intimately associated 
with man and the animals grow far better in mediums containing pep- 
tones, which are relatively rich in polypeptid nitrogen, than they do 
in mediums containing either single amino-acids (and therefore rich 
in. aminonitrogen) or in mediums that have ammonium salts as sources 
of nitrogen. The latter are, of course, rich in ammonia nitrogen. 

Metabolism of B. Proteus. — B. Protetts differs from the bacteria just 
described in that it is a much more vigorously growing microbe 
and also in that it produces, in absence of utilizable carbohydrate, a 
very active soluble proteolytic enzyme. This enzyme brings about 
deep-seated changes in the nitrogenous constituents of cultural mediums ; 
hence for relative completeness, the metabolism of B. proteiis is con- 
sidered here. The experiments with B. proteus were of two kinds (1) 
cultivation of B. proteus in mediums containing graded amounts of 
dextrose, from 0 to 1.5 per cent, and (2) tlie addition of sterile fil- 
trates of these cultures to sterile gelatin in the proportion of 1 part 
culture -filtrate freed from bacteria to 19 parts sterile gelatin. Three 
days’ incubation of these mixtures of culture filtrates and gelatin was 
allowed, to permit maximum change before the chemical analyses were 
made. One half of table 5 contains the details of the distribution of 
nitrogen in the cultures at the start and after twenty-four hours’, three, 
five and seven days’ incubation at 37 C. 

Table 6 taken from the first half of table 5 shows the changes 
expressed in milligrams per hundred cubic centimeters, which B. proteus 
induces in the total nitrogen fraction of the several mediums, in presence 
and in, absence of varying amounts of dextrose. The analyses are those 
of the first, third, fifth and seventh days of incubation. 

18. For a description of the B. proteus group, see Kendall, Cheetham and 
Hamilton: J. Infect. Dis. 30:251, 1922, 



104 


ARCHIVES OF PATHOLOGY 


Table 6 shows clearly that the protein nitrogen fraction diminishes 
steadily and rapidly, although the retarding effect of 0.75 per cent 
dextrose is noticeable, both in time and in amount. This loss in the 

Table 5. — Nitrogenous M ctahoHsm of B. Proteus and of Its Soluble, 

Proteolytic Encyme 


Results of Analyses, Mg. per 100 Cc. 

* V 

B. Proteus, Culture B. Proteus, Soluble Enzyme 

-A _ A 

^ / 

De.vtrose De.xtrose 


I > ! ^ 

Nitrogenous Con- 0.1 0S> 0.75 1.5 Con- 0.1 0.5 0.75 1.5 

Constituent Day trol Plain % % % % trol Plain % % % % 

Total 1 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Protein 721 .531 504 676 721 743 803 482 420 630 703 795 

Nonprotein 280 470 437 323 280 258 195 .514 588 309 300 205 

Polypeptid 209 389 301 253 213 191 1.51 485 540 325 258 101 

Aminonitrogen 39 32 28 32 29 30 30 37 30 35 35 32 

Ammonia 32 49 48 40 38 37 12 12 12 10 10 12 

Total 3 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Protein 721 239 2.39 4.53 531 803 348 108 436 520 

Nonprotein 280 702 702 548 470 195 048 840 571 488 

Polypeptid 209 047 047 409 400 151 508 747 510 441 

Aminonitrogen.... 39 30 30 30 28 30 00 78 45 44 

Ammonia 32 89 89 49 42 12 13 15 12 12 

Total 5 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Protein 721 101 147 239 340 822 790 244 247 410 500 788 

Nonprotein 280 840 847 702 001 179 202 7.52 7.52 587 499 211 

Polypeptid 209 003 004 048 507 103 158 087 082 520 433 108 

Aminonitrogen.... 39 33 31 35 30 .39 30 50 .52 49 50 30 

Ammonia 32 144 149 79 04 37 13 15 14 14 14 13 

Total 7 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Protein 721 38 94 94 105 732 790 240 293 393 393 740 

Nonprotein 280 903 907 907 896 209 202 752 700 604 004 200 

Polypeptid 209 723 087 730 722 185 150 088 024 5.30 531 210 

Aminonitrogen.... .39 30 25 40 33 44 30 .55 00 50 55 33 

Ammonia 33 204 195 137 141 39 19 10 20 19 19 19 


Table 6. — Changes Which B. Proteus Induces in Total Nitrogen Fraction of 
Plain Medium and Mediums Contai7iing Dextrose 


Results of Analyses, Mg. per 100 Cc. 


Days 

Control 

Plain 

0.1 Dcxtro.ce 

0.5 Dextrose 

0.75 De.xtrose 

1.5 Dextrose 

1 

721 

531 

504 

070 

721 

743 

3 

721 

239 

2.39 

4.53 

.531 


5 

721 

101 

147 

239 

340 

822 

7 

721 

38 

94 

94 

105 

732 


protein nitrogen is caused by the activity of the proteolytic enzyme, 
and as it occurs in spite of the fact that bacteria are multiplying 
rapidly, it is an indication of the potency of the enzyme. The rapid 
decrease of protein nitrogen shown in the second half of table 
5, where the enzyme acting alone is studied, is another means of esti- 
mating its potency. Coincident with the decrease in protein nitrogen, 
there is a corresponding, but greater, loss in the polypeptid fraction 
(first half of table 5), with the exception of the medium having 1.5 
per cent dextrose. Here the protein fraction increases from 22 mg. 
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the first day of incubation, to a maximum of 101 mg. the fifth day, 
when the culture seems to be at its greatest luxuriance. The polypeptid 
nitrogen of the 1.5 per cent dextrose culture decreases with the gain 
in protein nitrogen and almost exactl)'^ molecule for molecule. This is 
in accord with the observations made on B. dyscnteriac , B. typhosus and 
B. coli in mediums containing dextrose. It is an expression, not only 
of the building of new bacterial bodies, but also (when considered in 
connection with the corresponding figures for the mediums having less 
dextrose) of the fact that 1.5 per cent dextrose is a greater amount 
than this strain of B. proleus can utilize before the accumulation of 
acids from fermentation arrest its growth. Stated differently, B. proteus 
can, and does elaborate a soluble, proteolytic enzyme in mediums con- 
taining up to 0.75 per cent dextrose. The greater the amount of dextrose 
up to this amount, the slower is the appearance of the enzyme. 


Table 7 . — Changes in Anitnonia Nitrogen Induced by B. Proteus in Plain 
Medium and in Mediums Containing Dextrose 


Results of Analyses for Ammonia Nitrogen, Mg. 




Days 

r ... 

Control 

Plain 

0.1 De.xtrose 

0.5 Dextrose 

0.75 De.xtrose 

1.5 Dextrose 

1 

32 

49 

48 

40 

38 

37 

3 

32 

89 

89 

49 

42 


5 

32 

144 

149 

79 

64 

37 

7 ■ 

33 

204 

195 

137 

141 

39 


Turning to the other nitrogenous changes: it is apparent first of 
all that the aminonitrogen fraction varies but little during the first 
seven days of growth ; that is, during the period when the cultures 
are most vigorous. In fact, the maximum change noted, a decrease of 
from 39 to 25 mg. (seven day culture in 0.1 per cent dextrose), is 
registered in presence of a deci'ease in protein nitrogen from 721 mg. 
to 94 mg. — in other words, a loss of 627 mg. This disproportion 
between the loss in protein nitrogen and the concomitant insignificant 
change in aminonitrogen seems to explain the negative results obtained 
by Berman and Rettger and others who have relied on the formal- 
dehyde (Sorensen) titration method in their study of the effects of 
utilizable sugars on bacterial metabolism.-'’ 

Aside from the rapid degradation of the protein nitrogen, the most 
striking alteration in the nitrogenous constituents is the increase in 
ammonia nitrogen. The respective amounts for the first week of incuba- 
tion are as shown in table 7. 


19. Berman and Rettger: J. Bact. 3:389, 1918. 

20. Cf. also Jones: J. Infect. Dis. 27:169, 1920. 





106 


ARCHIVES OF PATHOLOGY 


The increase of ammonia nitrogen in the plain and 0.1 dextrose 
mediums is rapid, and at the end of seven days is very great indeed. 
The effects of increasing amounts of dextrose are very clearly shown. 
Even 0.75 per cent of this sugar, in presence of considerable fermen- 
tation acid produced by its utilization, failed to restrain the action of 
the bacilli on the nitrogenous constituents when the dextrose was used 
up. On the other hand, in pi'esence of sufficient dextrose (1.5 per cent) 
deamination did not occur. 

It would appear from this, that other observers, who state that 
formation of ammonia (deamination) does not occur in presence of 
dextrose because of the accumulation of acid, are in error : the accumu- 
lation of acid, is, of course, an indication that the bacteria are utilizing 
the sugar for energy; otherwise there would be no acid. The con- 
tinuance of the formation of acid is measured by the residuum of 
sugar. If the amount of sugar is sufficient to supply the microbes until 

Table 8. — Nitrogenous Metabolism of the Soluble Encyme of B. Proteus in Plain 
Medium and in Medium Containing Dextrose 


XltrOR-onotis 

Constituent 

Protein nitrogen — 
Polypeptid nitrqgen, 

Aminonitrogen 

Ammonia nitrogen.. 


Gain or Loss on Five Pny.s’ Incubation, Mg. per JOO Cc. of Medium 
, I A i 


Plain 

0.1 Pe.xtrose 

0.5 Dc.xtro.‘>e 

0.75 Do.xtro.'c 

1.5 Do.vtroso 

—m2 

— .'547 

— SS5 

—200 

— 8 

+r>2!) 

+.'>22 

+808 

+275 

• +10 

+ 20 

+ 22 

+ 10 

+ 20 

0 

+ 2 

+ 1 

+ 1 

+ 1 

0 


they have formed enough acid from its fermentation to inhibit their 
further activity, the protein ingredients of the medium are not changed 
to any great extent, other than to build up the bodies of bacteria as 
hitherto stated. If, however, the sugar is exhausted before sufficient 
acid is generated from it to inhibit further activity, the nitrogenous 
ingredients are then of necessity utilized for energy, and products indi- 
cative of this utilization of protein accumulate. This is shown very 
clearly in the first half of table 5. 

The second half of table 5 contains the analytical data concerning 
the action of the soluble bacteria-free enzyme of B. proteus on sterile 
(carbol) gelatin. The several samples were taken at the time when the 
various mediums were analyzed. 

The two most striking facts brought out by the analytical figures 
for the actions of the enzyme are (1) the reduction of the protein 
nitrogen fraction, in all except the medium having 1.5 per cent of 
dextrose, with an almost exactly concomitant increase, in each instance, 
of polypeptid nitrogen, and (2) the absolutely fixed ammonia nitrogen, 
which does not in any instance vary more than 2 mg. from the controls. 
Table 8, showing the losses in protein nitrogen, the gains in polypeptid 
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nitrogen and the consistent values for aminonitrogen and especially 
for ammonia nitrogen, will make this statement clear. The amounts 
are recorded for the fifth day of incubation only; at this time the 
enzymatic action was apparently maximal. 

It will be seen that the action of the soluble, proteolytic enzyme of 
B. proteus is not restrained even by 0.75 per cent dextrose, since the 
loss of protein nitrogen in the experiment resulted in a total decrease 
of 296 mg. of protein nitrogen from a total of 796 mg., or about 37 
per cent. At the same time, however, this amount of dextrose (0.75 
per cent) retarded and restricted the formation of enzyme markedly. 
This is shown in the corresponding loss in the medium having but 
0.1 per cent dextrose, in which the protein nitrogen decreased from 
796 mg. to 244 mg., a loss of 552 mg., or 68 per cent. The medium 
having 1.5 per cent dextrose showed a loss of but 8 mg. of protein 
nitrogen from a total of 796 mg., which is about the limit of precision 
of the method. 

Turning to changes in aminonitrogen: it is noted that the amount 
found in mixtures of plain medium and enzyme and of enzyme and 
medium containing 0.1 per cent dextrose shows an increase of about 
20 mg., in contrast with a loss in protein nitrogen, of some 550 mg. 
This is reduced to zero in the mixture of enzyme and broth containing 
1.5 per cent dextrose. It appears that this soluble enzyme of B. protons, 
in reducing the protein constituents of the medium, has a deep-seated 
action, reminiscent in this respect of trypsin rather than of pepsin.^^ 

Most significant of all the data relating to B. protons are those for 
ammonia nitrogen. Five day cultures of B. protons, except in medium 
containing 1.5 per cent dextrose, showed increments of ammonia rang- 
ing from about 100 mg. in the medium having 0.50 and 0.75 per cent 
dextrose, to nearly 200 mg. in the medium having either no dextrose 
or 0.1 per cent (first half of table 5). This increase in ammonia 
is due to the deamination which precedes the utilization of the nitrog- 
enous constituents of the medium for energy.^- It will be recalled 
that there was an increase of but 6 mg. in the corresponding medium 
having 1.5 per cent dextrose. The sterile filtrates of these several cul- 
tures, which, with the exception of the one of the culture in medium 
containing 1.5 per cent dextrose, have a very strongly proteolytic enzyme, 
do not in any instance increase the ammonia nitrogen more than 2 m^-. 
(second half of table 5). The striking difference between the action 

21. For a comparison of the enzyme of B. proteus with pepsin and trypsin, see 
Kendall and Keith; J. Infect. Dis. 38:193, 1926. 

22. Cf. also Sears: Thesis, Stanford University, January, 1916. 
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of the living organisms plus enzyme in culture and the enzyme with- 
out living organisms in the mixture of sterile gelatin and culture filtrate, 
shows conclusively, so it seems, that deamination is brought about by 
living bacteria. It is a step preparatory to the utilization of nitrogenous 
constituents of cultural mediums for energy. The absence of ammonia 
from corresponding cultures containing sufficient dextrose is additional 
evidence: here the bacteria derive their energy from the carbohydrate, 
utilizing the nitrogenous constituents chiefly for their structural needs. 
Ammonia, therefore, as such, is a waste product, not a structural ele- 
ment.^® 


SIGNIFICANCE OF BACTERIAL METABOLISM 

In the Study of Intestinal Bacteidology. — It is a well attested fact, 
known since Escherich’s classic studies on the subject,-'* that the bac- 
terial intestinal flora of the normal nursling is essentially fermentative: 
proteolytic bacteria and proteolysis alike are absent. As the infant 
becomes older and the diet more varied, the chai'acter of this intestinal 
flora undergoes a marked change: the fermentative organisms, B. bifidus, 
B. acidophilus and Micrococcus ovalis, tend to disappear, and organisms, 
as B, coli, that can accommodate their metabolism to presence or absence 
of carbohydrate take their place. That this microbic change parallels 
the dietary change appears to be rather generally agreed on, but few 
observations are recorded which give a fairly definite picture of the 
comparative chemical changes induced by intestinal bacteria of nurslings, 
artificially fed babies, adolescents and adults. Table 9, abbreviated from 
tables previously published,-® shows the changes induced in the nitrog- 
enous constituents of cultural mediums, similar to those already studied 
in the preceding tables, when they are respectively inoculated with the 
mixed intestinal bacteria from a normal nursling, a normal artificially 
fed infant, a normal adult and an adult having a heavy intestinal over- 
groAvth of 5. welchii. 

The salient analytical details are shown for the normal nursling, 
the artificially fed infant, the normal adult and the adult with gas 
bacillus overgrowth. It will be seen that the conditions of experiment 
here are in a measure the reverse of a feeding experiment in man in 
that it is the mixed intestinal bacteria that are fed on selected diets. 

23. See Sears and Gourlej': J. Bact. 15:357, 1928. 

24. Escherich : Darmbakterien des Saiiglings, Stuttgart, 1886. 

25. Kendall; Day, and Walker: Chemistry of the Intestinal Flora of Nurs- 
lings, J. Infect. Dis. 38:200, 1926; Chemistry of the Intestinal Bacteria of Arti- 
ficially Fed Infants, ibid., p; 205 ; Chemistry of the Intestinal Flora of Normal 
Adults, ibid., p. 211; Chemistry of the Intestinal Flora of Man Containing Abnor- 
mal Numbers of Gas Bacilli, ibid., p. 217. 
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It must be borne in mind in these experiments with the intestinal 
flora, that a considerable variety of types of bacteria are, or may be, 
present in each inoculum. It follows that the chemical changes elicited 
by the growth of these mixtures of bacteria connote a resultant totality 
of reaction which may be greater in amount than, and even dififerent 
in character from, the sum of the activities of the several kinds of 
bacteria growing in pure culture.”® This has been shown, for example, 
in the associative action of certain strains of B. coli and B. mesenteri- 
ciis.-~ Growing separately in pure culture in milk, B. coli causes coagula- 
tion, and B. mesentericus, digestion. Grown S 5 anbiotically, they induce 
a stormy fermentation closely simulating that of B. zuelchii.- Neverthe- 
less, as is clearly shown in table 8, the several distinct types of intestinal 
flora, approach, both qualitatively and quantitatively, one or another 
of the types of chemical activity described in previous sections. The 
origin and significance of these several manifestations of chemical activ- 
ity have been explained at length; therefore, only the more general 
phenomena will be discussed in association with the respective types 
of intestinal flora here. 

Normal Nursling (table 9) : The mixed intestinal flora from the 
normal breast-fed infant is characteristically fermentative. There is 
complete absence of putrefactive bacteria, and there is no evidence of 
proteolytic activity. In the sugar-free medium, however, there is slight 
deamination, as compared with the corresponding growth in the dextrose 
medium. The small amount of ammonia produced is indicative of a 
preponderance of M. ovalis, rather than of B. acidophilus or of B.bifidns 
in the culture. M. ovalis grows better in mediums freed from carbo- 
hydrates than either of the bacilli.”® Smears made from the- plain and 
the dextrose mediums show few acidophili and bifidi in the former, but 
many bifidi in the latter. M. ovalis is predominant in the former and 
abundant in the latter. The increase in protein nitrogen, with a con- 
comitant decrease in polypeptid nitrogen, most marked on the sixth day 
of incubation, is in accord with previous observations. The significance 
of the obligately fermentative and lactacidogenic intestinal flora, the 
natural defensive barrier of the breast-fed infant against microbic 
intestinal infectants, has been recognized ever since Escherich’s classic 
study of the bacteria of nurslings.”^ 

26. Castellani and Chalmers: Brit. M. J. 2:855, 1917; 1:183, 1919. Holman: 
J. Infect. Dis. 39:145, 1926. Sears and Putnam: ibid. 32:270, 1923. Kendall 
(footnote 4, p. 78). 

27. Kendall: Boston M. & S. J. 163:322, 1910. 

28. Kendall and Haner: Metabolism of Micrococcus Ovalis, B. Acidophilus 
B. Bifidus, J. Infect. Dis. 35:67, 77 and 89, 1924. 
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Normal Artificially Fed Infants : The outstanding chemical feature 
of the metabolism of the intestinal flora of the artificially fed infant 
lies in the striking contrast between the considei'able nitrogenous changes 
induced by the mixed flora in the sugar-free medium and the very small 
nitrogenous changes induced in the corresponding sugar-containing 


Table 9. — Changes Induced in the Nitrogenous Constituents of Cidtural Mediums, 
When These Are Inoculated zvith the Mixed Intestinal Bacteria from 
Normal Nursling, Normal ArtUcially Fed Infant, Normal Adult 
and Adult zvith Ovcrgrozvth of Gas Bacillus 




Results of Analyses, Mg. per 100 Cc. of Medium 




Plain Medium 



Dextrose Medium 


Nitrogenous 

Con- 

1 

3 

0 

9 

Con- 

1 

3 

0 

9 

Constituent 

trol 

Day 

Days 

Days 

Days 

trol 

Day 

Days 

Days 

Days 

Normal nursling 

Total nitrogen 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Protein nitrogen 

770 

780 

770 

790 

770 

790 

790 

790 

800 

792 

Nonprotein nitrogen... 

2,30 

220 

2,30 

207 

231 

210 

210 

210 

200 

208 

Polypeptid nitrogen.. . 

173 

1.').') 

150 

120 

134 

1.52 

151 

1.53 

138 

150 

Aminonitrogen 

30 

32 

32 

ss 

41 

35 

30 

28 

34 

34 

Ammonia nitrogen. . . . 

21 

33 

42 

47 

55 

22 

27 

20 

24 

22 

Artifleiaily fed infant 

Total nitrogen 

1,000 

1,000 

1,000 

1,000 

080 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Protein nitrogen 

770 

700 

090 

075 

770 

780 

760 

760 

770 

Nonprotein nitrogen... 

220 

240 

310 

321 

324 

22f) 

219 

240 

240 

230 

Polypeptid nitrogen.. . 

182 

108 

213 

179 

104 

182 

169 

184 

180 

103 

Aminonitrogen 

33 

39 

20 

22 

29 

33 

35 

32 

32 

42 

Ammonia nitrogen 

Normal adult 

14 

33 

89 

123 

131 

14 

1C 

15 

15 

23 

k 

Total nitrogen 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Protein nitrogen 

810 

803 

790 

792 

778 

828 

828 

820 

820 

828 

Nonprotein nitrogen... 

183 

195 

204 

200 

210 

171 

182 

182 

171 

171 

Polypeptid nitrogen.. . 

131 

131 

127 

83 

72 

121 

129 

127 

113 

111 

Aminonitrogen 

30 

33 

30 

31 

30 

80 

30 

30 

32 

34 

Ammonia nitrogen 

21 

28 

48 

91 

109 

20 

24 

26 

26 

26 

Adult with exeessive num- 
ber of gas bacilli 

Total nitrogen 

1,000 

1,000 

1,000 

004 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Protein nitrogen 

810 

791 

515 

450 

81G 

816 

805 

805 

828 

Nonprotein nitrogen... 

182 

208 

390 

488 

5,50 

183 

183 

195 

195 

171 

Polypeptid nitrogen.. . 

124 

120 

220 

220 

252 

129 

143 

155 

1!)5 

113 

Aminonitrogen 

38 

44 

37 

43 

25 

33 

19 

18 

16 

34 

Ammonia nitrogen 

20 

37 

134 

219 

270 

20 

22 

23 

24 

24 


medium. In the former, a reduction of the protein nitrogen fraction of 
about 90 mg. and of arainonitrogen of 10 mg. is rather more than 
compensated for by an increase of ammonia nitrogen amounting in the 
aggregate to 109 mg. It is clear that this shifting of nitrogenous con- 
stituents is not due to a proteolytic enzyme, else the polypeptid nitrogen 
would increase proportionally. The organism responsible for this type 
of reaction is a strong deaminizer. It appears to be quite similar to that 
described in another study (organism 62).-® In the corresponding 
dextrose medium, the nitrogenous changes are very small indeed : there 

29. Kendall; Day: Walker, and Haner; Bacteriology and Chemistry of Adult 
Duodenal Contents, J. Infect. Dis. 40:677, 1927. 
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is no evidence of proteolysis or of putrefaction. In this respect the 
chemical change is reminiscent of that induced by the intestinal flora 
of the normal nursling. The effects of dextrose in reducing the action 
of the bacteria on the nitrogenous constituents of the medium for energy 
needs are clearly shown. There is no evidence of deamination, proteolysis 
or putrefaction. The very small nitrogenous changes are those attrib- 
utable to the usual building up of polypeptid nitrogen to protein nitrogen 
in the bodies of the growing bacteria. 

Normal Adult: The changes induced by the mixed intestinal flora 
of the normal adult are not very different from those just described 
for the artificially fed baby. There is evidence of some proteolysis in 
the sugar-free medium. This is indicated by a small decrease in the 
protein nitrogen fraction and also by much deamination. The gain in 
ammonia nitrogen is some 70 mg.; it is less than that observed in the 
sugar-free cultivation of the mixed flora of the artificially fed infant, 
but materially greater than that characteristic of the normal nursling. 
In presence of dextrose, the chemistry of the flora of the normal adult 
reverts to the typical fermentative pattern characteristic of the several 
floras just described, as well as of those of the dysentery, typhoid, colon 
and protens bacilli. There is no significant deamination or evidence of 
proteolysis. The significant nitrogenous change is a transfer of poly- 
peptid nitrogen to protein nitrogen, consonant with the growth of 
bacteria in the medium. 

Adults with Excessive Number of Gas Bacilli : The evidence educed 
thus far from the chemical study of the mixed intestinal floras of nurs- 
lings, babies fed by bottle and normal adults has brought to light two 
principal facts. In the first place, in presence of carbohydrate, all 
these bacteria are reduced chemically to one common level — that of 
producers of lactic acid — in which state the bacteria have minimal action 
on the nitrogenous constituents of these mediums. In the second place, 
the mixed intestinal flora of the breast-fed infant is nonproteolytic and 
nonputrefactive, even in absence of utilizable carbohydrate, whereas 
the floras of the artificially nourished infant and of the normal adults, 
in absence of utilizable carbohydrate, are more or less proteol 3 dic and 
putrefactive, as shown by the concomitant changes in the nitrogenous 
constituents of these cultural mediums. For purposes of comparison, 
the chemistry of mixed intestinal bacteria from an adult with an over- 
growth of gas bacilli in the intestinal tract is introduced at this point. 
The salient details appear in table 9. The most striking chemical change 
is found in the ammonia fraction, which by the ninth day has increased 
to the surprising amount of 250 mg. This is accompanied by a decrease 
of 366 mg. in the protein nitrogen, indicating active proteolysis, and 
a gain of 128 mg. of polypeptid nitrogen, which, with the gain in 
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ammonia, accounts for almost the entire loss in protein nitrogen. It is 
evident, from what is known of the chemistry of B. zvelchii (the gas 
bacillus) that the proteolytic changes are not due to the Welch bacillus, 
but to associated bacteria, among which nonfermenters of dextrose, as 
B. alcaligenes and the one found in the flora of the artificially fed baby, 
are usually prominent. Here again is an example of symbiotic action, 
in which two bacteria, Avorking together, produce unusual chemical 
changes. In sharpest contrast with the deamination found in the sugar- 
free .medium is the utter absence of more than minimal nitrogenous 
changes in the corresponding dextrose-containing culture. Here there is 
the customary increase in protein nitrogen with its concomitant decrease 
in polypeptid nitrogen. Deamination is reduced almost to zero. A 
word of caution must be injected here, however. The addition of car- 
bohydrate to the diet of the patient whose fecal bacteria are under 
consideration would be A^er}^ harmful. If this AA’^ere done, the gas bacilli 
Avould go on a rampage, Avith consequences very distressing to the 
Auctim of such ill-advised dietary treatment. Well soured. milk is indi- 
cated in such cases. The gas bacilli are thereby frustrated in their 
groAvth, and the patient is benefited.®^ The results, in terms of chemical 
change on a diet rich in sour milk, Avould be A^ery similar to those achieved 
by the addition of dextrose to the culture medium. Deamination and 
indications of proteolysis Avould be reduced to the A^anishing point, Avhile 
at the same time the actiAuty of the gas bacilli Avould be curbed. 

In Clinical Practice. — SeA^eral important clinical applications of this 
sparing action of carbohydrates for nitrogenous substances readily sug- 
gest themselves, as folloAvs : 

Reduction of Intestinal Putrefaction : It is generally believed that 
urinary indican is an indication of intestinal putrefactiA'e processes of 
microbic causation. This is in the main true. HoAvever, a much more 
im.portant substance is overlooked in the ordinary tests, namely, indol. 
Indoluria, not indicanuria, has the greater clinical significance, even 
though both substances haA^e a common point of origin in intestinal 
putrefaction. Under ordinary circumstances, indol is oxidized in the 
liA'^er to indox}'!, then paired, and excreted as indoxyl sodium sulphonate. 
This is urinar}’^ indican. If, hoAveA'^er, this function of the liver is inter- 
fered AA'ith and 'oxidation of indol does not take place, indol, not indican, 
man}”^ appear in the urine. This may also happen if the amount of indol 

30. Kendall; Day. and "Walker: J. Infect. Dis. 30:141, 1922. 

31. For clinical and chemical aspects of gas bacillus oA'ergrowth in the intes- 
tinal tract of man, see Kendall : Intestinal Intolerance for Carbohydrate Asso- 
ciated with OA^ergroAVth of Gas Bacillus (Bacillus Welchii), J. A. M. A. 86:737, 
1926; Kendall and "Varney: J. Infect. Dis. 41:143, 1927; Kendall and Gebauer: 
ibid. 47:261, 1930. ’ 
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is temporarily greater than the liver can manage. Indoluria, therefore, 
is, or may be, an indication of impaired function of the liver, as well 
as of intestinal putrefaction. The formation of indol in the urine, as 
has been -indicated, may be greatly restricted by suitable dietary pro- 
cedure. 

Dietary Treatment in Typhoid Fever and Dysentery: The effects 
of diets high in carbohydrate in t 3 ^phoid fever were studied by Coleman 
and Shaffer from a purely chemical point of view. They found that the 
loss of weight was materially reduced, and the general condition of 
the patient materially improved when large daily feedings of lactose were 
given, and were disposed to attribute these gains to the well known 
dictum that “carbohydrate spares body protein.” An additional and 
highly important factor seems to have been overlooked, however. The 
diet high in lactose has a profound effect on the metabolism of the 
typhoid bacillus itself. In presence of carbohydrate this microbe, of 
course, becomes a producer of lactic acid. Herein, probably lies the 
otherwise unexplainable reduction in toxemia which Coleman and 
Shaffer noticed when their patients wei’e placed on the diet high in 
calories. Under these circumstances the typhoid bacilli, in virtue of 
their altered metabolism (Dr. Jekyll and Mr. Hyde again), utilize 
carbohydrate for energy in preference to protein. The first deliberate 
attempts to utilize the sparing action of carbohydrates for proteins 
with its associated change in the products of metabolism in the treat- 
ment of disease were made in Boston in 1911 and subsequent years.®® 
The results were satisfactory in cases of bacillary dysentery and in gas 
bacillus diarrheas. The same procedure was subsequently used by 
Torrey ®'‘ in his studies on the effects of diet in typhoid fever. The 
importance of these dietary adjuvants in the field of clinical medicine 
is gradually being recognized.®® 

Production of Soluble Specific Toxins by Bacteria : An important 
example of the sparing action of carbohydrate for protein, which is an 
essential factor in the commercial production of specific antitoxin, was 
first described by Theobald Smith ®® many years ago, before much was 
known of the chemistry of bacteria. He found that diphtheria bacilli 
do not yield toxin in presence of more than minimal amounts of 

32. Coleman and Shaffer: Protein Metabolism in Typhoid Fever, Arch. Int. 
Med. -1:538, 1909. 

33. Kendall: Boston M. & S. J. 164:288, 1911; Kendall and Smith- ibid 
p. 306. 

34. Torrey: J. Infect. Dis. 16:72, 1915. 

35. Stokes, J. FI.: The Effect on the Skin of Emotional and Nervous State: 
III. Theoretical and Practical Consideration of a Gastro-Intestinal Mechanism 
Arch. Dermat. & Syph. 22:962, 1930. 

36. Smith, Theobald: J. Exper. Med. 4:373, 1899. 
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dextrose. It is now known that in presence of dextrose the diphtheria 
bacillus forms lactic acid in place of toxin.'"’’ As potent toxin is essential 
for the production of antitoxin, this principle of reducing utilizable 
sugar in mediums for the production of toxin is rigorously adhered to. 
It should be stated that the same phenomenon is met with in the prepa- 
ration of the toxin of B. zvelchii'^^ and others. 

“Resting Bacteria” in Vaccine Therapy: A word should be said 
at this time about the newly explored field of “resting bacteria.” The 
significant pioneer work was done largely by Quastel'^® and his associ- 
ates, between the years 1924 and 1928. He investigated several problems 
of significance to the understanding of microbic action by means of 
these “resting” organisms. 

“Resting bacteria” are actively growing organisms harvested at the 
time at which they are proliferating most actively. After careful wash- 
ing by centrifugation, repeated several times to insure removal of all 
alien material, they are kept in suspension in salt solution at the temper- 
ature of the icebox for several days without material impairment of 
their original activities. These “resting” bacteria “initiate changes in 
substrates, which they, as proliferating bacteria, would subsequently use 
for their energy requirements.”^® The amount of chemical changes 
such bacteria can bring about in a very few hours is remarkable.^^ One 
very suggestive clinical application of “resting” bacteria has arisen in 
connection with vaccine therapy. It has been found that bacteria 
harvested as described and therefore freed from adhering cultural 
medium, etc., when killed by exposure to tenth-normal formaldehyde 
solution (neutral in reaction) for two hours, are much more effective 
in the treatment of furuncles and similar focal infections. There is 
also considerable evidence that pneumococci, prepared in similar manner 
after growth on blood agar, have materially greater antigenic and pro- 
tective power than can be had from cultures of the same types not 
carefully washed from adherent products of growth and constituents 
of cultural medium. This aspect of bacteriology is still very immature, 
but it holds forth promise of many important contributions which will 
help fill in some of the great gaps in present knowledge of the 
mechanisms of growth in general and of microbic infection in particular. 

37. For chemical evidence, see Kendall; Da 3 % and Walker: J. Am. Chem. Soc. 
35:1210, 1913; 36:1950, 1914. 

38. Bull and Pritchett: J. Exper. Med. 26:603 and 687, 1917. 

39. Quastel : Biochem J., 1924-1927, volS. 18-21 ; for brief summar 3 % see J. 
Hyg. 28:139, 1928. 

40. Kendall and Ishikawa: J. Infect. Dig. 44:282, 1929. 

41. Kendall; Ishikawa, and Friedemann: J. Infect. Dis. 47:186, 1930. 

42. Details will be published soon. 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc. — Stanhope Bayne- Jones, professor of bacteriology in the school of medicine 
and dentistry of the University of Rochester, has been appointed master of college 
and professor of bacteriology in the school of medicine of Yale University. 

Kenneth M. Lynch, professor of pathology in the Medical College of the State 
of South Carolina, has been given the honorary degree of LL.D. by the University 
of South Carolina. 

Carroll Gideon Bull, professor of immunology in the school of hygiene and 
public health of the Johns Hcpkins University, has died. 

Charles Phillips, has resigned as professor of pathology in the Medical College 
of Virginia in Richmond to assume the directorship of the laboratories of the Scott 
and White Clinic, Temple, Texas. 

Herbert H. Waite, professor of bacteriology at the University of Nebraska, 
Lincoln, has died at the age of 62. 

Ralph McBurney has been appointed professor of bacteriology and hj'giene in 
the University of Alabama. 

Axel Holst, professor of bacteriology and hygiene in the University of Oslo 
and well known for his pioneer investigations in deficiency diseases, has died 
at the age of 70. 

Emmerich von Haam, associate professor of pathology in the school of medicine 
in the University of Arkansas, has been appointed assistant professor of pathology 
and bacteriology in the State of Louisiana Medical Center, New Orleans. 

Shibamiro Kitasato, celebrated pioneer Japanese bacteriologist, has died at the 
age of 72. He was a pupil of Robert Koch, He first grew the tetanus bacillus in 
pure culture; he was the co-discoverer with Behring of diphtheria and tetanus 
antitoxins in 1890; in 1894 he discovered the plaque bacillus at about the time 
that it was discovered independently by Yersin; he was director of the Imperial 
Institute for Infectious Diseases of Japan before he organized the Kitasato Institute 
for Infectious Diseases in Tokjm. 

Alvin G. Foord, pathol<Jgist in the Buffalo General Hospital, has been appointed 
pathologist in the Pasadena Hospital, Pasadena, Calif. 

Society News. — At the recent meeting of the American Medical Association in 
Philadelphia gold medals were awarded to Jacob Furth of the Henry Phipps Insti- 
tute of the University of Pennsylvania, for his work on experimental leukemia in 
the mouse and the fowl, and to J. Parsons Schaeffer and Warren B. Davis, Jeffer- 
son Medical College, for anatomic studies on the nasal sinuses. Silver medals were 
awarded to Bedford Shelmire, Dallas, Texas, and to W. E. Dove, U. S. Bureau 
of Entomology for their work on the spread of typhus fever by the tropical rat 
mite, and to Harrison S. Martland, A. O. St. George, A. O. Gettler and R. H. 
Mueller for demonstration of industrial radium poisoning. 
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Experimental Pathology and Pathologic Physiology 

Ossification : I. Callus Formation and Calcification. I. Newton Kugel- 
MASS and Richard N. Berg, Am. J. Dis. Child. 41:236, 1931. 

The relation between callus formation and the amount and rate of calcification 
was studied in rabbits. The greater the local formation of fibrous tissue, the 
greater was the amount and degree of calcification, all other conditions remaining 
the same. The blood calcium tends to be higher and the phosphate lower in the 
course of normal bone repair, and the more rapid the rate of calcification the more 
marked is this alteration in the calcium and phosphate content of the blood. Injec- 
tion of an alkaline solution of trypsin, at the site of fracture to produce fibrous 
dissolution, markedly retarded the union of bones in comparison with that in the 
control series. Injection of a solution of tissue fibrinogen at the site of fracture, to 
stimulate increased callus formation, markedly accelerated the union of bones in 
comparison with that in the control series. The maintenance of animals with 
induced fractures on a diet high in protein, to increase the blood-clotting factors, 
produced no local effect in bone repair as compared with the control series. 
Ossification is a local transformation of fibrous tissue into bone, the constituents 
of which are derived from the blood. Bone repair is a local rather than a systemic 
process, and union may therefore be induced or accelerated by local measures. 

Authors’ Summary. 

Mongolism in One of Twins. J. I. Waring, Am. J. Dis. Child. 41:351, 1931. 

This case of mongolism in one of dizygotic twins supports the view that the 
condition is the result of a defect in germ plasm and not due to the general 
physical condition of the parents. Author’s Summary. 

Splenomegaly and Hepatic Enlargement in Hereditary Hemorrhagic 
Telangiectasia. Thomas Fitz-Hugh, Jr., Am. J. M. Sc. 181:261, 1931. 

Four cases of hereditary hemorrhagic telangiectasis are reported, which 
exhibited the following noteworthy features : splenomegaly and hepatic enlarge- 
ment; increasing intolerance to transfusions of blood, resulting in posttransfusion 
jaundice (and death in two) ; the coincidence of identical blood group (0) in all 
of the patients tested who presented the splenomegalic syndrome. 

Author’s Summary. 

Hypertension in Cases of Congenital Polycystic Kidney. Frederick W. 
ScHACHT, Arch. Int. Med. 47:500, 1931. 

Evidence at hand indicates that in the majority of cases of pob^cystic kidney, 
significant or persistent hypertension is present. There is marked thickening of 
the walls of the arterioles and of the small arteries of the polycystic kidney, with 
consequent reduction in the ratio between the thickness of the wall and the 
diameter of the lumina of the vessels of the kidney. The high incidence of retinal 
sclerosis in these cases indicates that the process probably is associated with a 
generalized vascular disturbance. Author’s Summary. 

Tumor of the Brain with Disturbance in Temperature Regulation. 
Israel Strauss and Joseph H. Globus, Arch. Neurol. & Psychiat. 25: 
506, 1931. 

Strauss and Globus report three cases which they believe support facts in favor 
of the existence of a heat-regulating center in the hypothalamus. The first case 
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presented a rather indefinite and inconstant clinical picture of mental symptoms 
(confusion and disorientation) with neurologic signs — changes in the reflexes and 
gait and urinary disturbances. The only sign that was fairly constant was an 
elevated temperature of 102 F. At necropsy, multiple tumors (spongioblastomas) 
of the corpus callosum and septum pellucidum were discovered with invasion of 
the anterior horn of the left lateral ventricle, of the walls of the third ventricle 
and practically its entire floor. 

In the second case, that of a man, aged 62, there was also a mixture of mental 
and neurologic signs and symptoms with an unaccountable elevation of temperature 
(from 102 to 103 F.). Necropsy, which followed a decompression operation, 
showed multiple tumors. One tumor (a spongioblastoma) was situated in the 
region of the right optic thalamus and hypothalamus, which were invaded from 
the walls of the third ventricle and extended as far as the tuber cinereum below 
and as high as the taeniae thalami above. Another tumor was situated in the 
third temporal convolution of the left hemisphere. 

In the third case, that of a woman, aged 57, in which the prominent symptoms 
were sleepiness and mental derangement associated with an elevation of tem- 
perature (103 F.) and a slow pulse, a diagnosis of tumor of the third ventricle 
was made, which was substantiated by necropsy (a glioma in the region of the 
optic chiasm) . 

An important general conclusion from the study of the three cases seems 
to be justified that a tumor of the periventricular zone of the third ventricle and 
in the tuber cinereum causes “a disturbance in the function of the heat-regulating 

George B. Hassin. 


The Brain and the Cerebrospinal Fluid in Experimental Cerebral 

Embolism. William Cone and S. E. Barrera, Arch. Neurol. & Psychiat. 

25:523, 1931. 

By injecting cut up black silk suture material, poppy seed and paraffin melting 
at 45 C. into the carotid the authors produced aseptic emboli in the brains of 
dogs. The animals were allowed to survive for variable periods up to seven days. 
Before they were killed, a cisternal puncture was performed. Twenty dogs that 
showed clinical signs of cerebral embolism were killed from eight and one-half 
to ninety-six hours after operation; one was killed after seven days. Small 
branches of the middle cerebral artery were usually blocked, causing areas of 
softening in the basal ganglions or the ependyma and the adjacent tissues. The 
spinal fluid cells were studied according to the method of Alzheimer. Poly- 
morphonuclear neutrophilic leukocytes were present in the perivascular spaces of 
the infarcted areas and in the meninges (over the embolic area) ; the number of 
leukocytes increased during successive days, reaching its height at the end of 
forty-eight hours. After' this time, they degenerated. They disappeared after 
seven days, granule cells replacing them in the softened area. A remarkable 
phenomenon was evident: The perivascular spaces of the cerebral blood vessels, 
filled with polymorphonuclear leukocytes, were seen plunging into the subarach- 
noid spaces. Organisms were not present in any of the animals. The astrocytes 
were badly damaged ; their perivascular feet were broken up, thus disrupting the 
glial barrier and permitting the invasion of the cerebral parenchyma by meso- 
dermal, polymorphonuclear elements. 

In human material, polymorphonuclear cells were also numerous in the infarcted 
areas (within five and one-half days after the apoplexy), and in each instance 
they were present in the leptomeninges. 

George B. Hassin. 

The Influence of Testicle Extract on the Intradermal Spread of 

Injected Fluids and Particles. D, C. Hoffman and F. Duran-Reynals 

J. Exper. Med. 53:387, 1931. 

The experiments in this paper show that testicle extract causes particles of 
India ink and of Prussian blue to spread much more extensively through the 
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intercellular spaces than similar suspensions made with Ringer’s solution. 
Methylene blue (methylthionine chloride, U. S. P.) inoculated intravenously 
localizes more extensively in areas receiving injections of tissue extracts than in 
control areas receiving injections of tissue extracts without enhancing power. 
Kidney extracts have this properti' to a less degree, whereas spleen extracts 
and blood serum are devoid of it. The spreading power of extracts is destroyed 
by heating at 60 C. for thirty minutes, as is also the power to enhance infections. 
The precise mode of action of the Reynals factor is not known, but the results 
of the experiments here presented suggest that it may depend at least in part 
on the property whereby testicle extract increases the spread of injected material 
and alters the permeability of tissue cells. It is not inconceivable that changes 
in permeability facilitate the passage of vaccine virus through the endothelial cells 
of the blood and l 3 'mph vessels, and lead to the generalized vaccinia which is of 
frequent occurrence in the reported results. It has been shown that fluids and 
suspensions of inert particles are spread bj' the extract. B. tetanus and B. coli 
exotoxins and trypsin were not enhanced in their action despite the fact that they 
were spread through a more extensive area in the tissues. Viruses, on the other 
hand, are markedly influenced and in this respect resemble bacteria, not toxins 
and enzymes. It appears probable that a definite capacity for multiplication on 
the part of an injected substance is required if its pathogenic effects are to be 
enhanced. It ma}"^ be concluded tentatively that the enhancing power of the testicle 
extract may depend on that property which not only spreads the injected material 
through a larger area but renders the tissue cells more easily penetrable by the 

agents. Authors’ Summary. 

The Skin Reactions Produced by Alternations of Heat and X-Ray at 
Various Time Intervals. J. A. Hawkins, J. Exper. Med. 53:405, 1931. 

Areas on the abdomen of the same guinea-pig were exposed to suberj’themal 
doses of soft x-raj's, to heat of an intensity below the critical dose for the pro- 
duction of burns and to both radiations in sequence with various time intervals 
between the exposures. The only effect of exposure to x-ray or heat alone was 
a slight scaling of the skin. The areas exposed to heat and roentgen radiation 
developed well marked and persistent burns when the exposure to one agent was 
made within three hours of the other. Scaling of the skin developed when the 
exposure to one agent was made one day after the other. This scaling was more 
marked and lasted longer than the scaling produced by either agent alone. The 
results were the same no matter in which sequence the agents were applied. 

Author’s Summary. 

Effects of the Intravenous Injection of Colloidal Silver upon the 
Hematopoietic System in Dogs. S. S. Shouse and G. H. Whipple, 
J. Exper. Med. 53:413, 1931. 

Colloidal silver has no specific action on the bone marrow of dogs but is a 
systemic poison which may cause anorexia, weakness, loss of weight, anemia and 
death. Hemolysis can be demonstrated after the administration of large doses 
of colloidal silver, and the anemia presumably is due, in part at least, to a 
destruction of red blood cells in the peripheral circulation. The colloidal silver, 
injected intravenously, is deposited as granules almost exclusively in the cells of 
the reticulo-endothelial sj'stem, after the manner of particulate substances. 
Repeated injections of nonlethal amounts of this substance are invariablj' followed 
by hj’perplasia of the bone marrow. In no case was aplasia found. Large single 
doses of this material cause rapid death in twelve hours or less, characterized bj' 
pulmonarj’^ edema and congestion. An initial increase in the number of erj^thro- 
cj'tes and leukocytes may occur following the use of smaller amounts of silver, 
but repeated injections cause considerable anemia, without a definite increase in 
the leukocytes and with no signs of a deficiency in blood platelets. 

Authors’ Summary. 
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Aplasia of Marrow and Fatal Intoxication in Dogs Produced by Roent- 
gen Radiation of All Bones. S. S. Shouse, S. L. Warren and G. H. 
Whipple, J. Exper. Med. 53:421, 1931. 

Constant results were obtained in the acute reaction to the specified amount 
of heavily filtered radiation over the bony skeleton. On the eighth or ninth 'day 
after exposure to the radiation, a short and fatal intoxication develops without 
warning. A profound leukopenia appears after from five to six days and is 
maintained in the peripheral blood (200 white blood cells or less per cubic milli- 
meter) for the two or three days before death. The platelets suddenly disappear 
from the blood smears the day before death. This has some bearing on the life 
cycle of the platelet. All of the organs and structures of the body present 
extensive generalized capillary hemorrhage of recent origin. The substance of 
the spleen and lymph nodes is greatly reduced, and the germinal centers are visible 
only as remnants. The red cell hematocrit reading drops from about SO per cent, 
or normal, to approximately 40 per cent. The bone marrow is depleted of all its 
cells except the connective tissue and fat cells, blood vessel endothelium, phago- 
cytes filled with brown granules and occasional normoblasts. 

Authors’ Summary. 


The Combined Effects of Colloidal Silver and Highly Filtered Roent- 
gen Radiation upon the Hematopoietic System in Dogs. S. S. 
Shouse and S. L. Warren, J. Exper. Med. 53:437, 1931. 

The individual destructive* effects of colloidal silver and heavily filtered radia- 
tion are still evident when the two are used together. The combined effects are 
cumulative in that small doses are more destructive than when either is used 
alone. The leukocytosis resulting from the injection of the colloidal silver affords 
no protection against the terminal leukopenia following the irradiation. 

Authors’ Summary. 


The Toxicity of Certain Normal Sera for the Guinea Pig. AI. E. 
Field, J. Immunol. 20:89, 1931. 

Lethal toxicity of human and rabbit serum persists for at least seventy-two 
hours. This toxicity decreases with age, so that serum one week old is usually 
completely innocuous. Primarily toxic normal serum causes a marked rise in 
the pulmonary arterial pressure, accompanied by bronchoconstriction. Nonagglu- 
tinating serum acts in every way as does normal serum. The cellular extract of 
hemolj'zed guinea-pig cells is very toxic for the guinea-pig, causing a great rise 
in the pulmonary arterial pressure, followed by death. Toxic serum causes great 
intra vitam hemolysis which decreases in amount as the toxicity of the serum is 


attenuated by time. 


Author’s Summary. 


Fibrinopenia. R. Jurgens and H. Trautwein, Deutsches Arch. f. klin. Aled. 

169:28, 1930. 

Jurgens and Trautwein review the three cases of hemorrhagic diathesis with 
complete or almost complete disappearance of the fibrinogen from the blood 
reported in the literature and to these add the clinical history of a fourth case, 
the first one ever observed in an adult. Examination of the blood revealed a 
great deficiency of fibrinogen but a normal amount of all the other components of 
coagulation. Postmortem examination disclosed an almost, completely isolated 
extensive carcinosis of the bone with fibrous transformation of the bone marrow. 
The primary growth was a carcinoma of the prostate. The macroscopic and 
particularly . the microscopic changes indicated that the bone marrow plays a 
part in the formation of fibrinogen. 
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Pathologic Anatomy 

Is Familial Jaundice of New-Born Infants Erythroblastosis? William 
L. Buhrman and Heyworth N. Sanford, Am. J. Dis. Child. 41:225, 1931. 

,Two cases of fatal jaundice in new-born infants are reported. Both cases 
showed a familial history of jaundice at birth. The clinical picture was one of 
familial jaundice with deep progressive icterus, enlarged liver and spleen, bile 
pigments in the urine and an indirect van den Bergh reaction. Both cases were 
characterized by an intense anemia with extremely numerous nucleated red cells. 
In one case the time of bleeding was greatly increased and there was a reduction 
in the blood platelets. Both patients died, and autopsy showed erythropoiesis, 
blood-forming islands in the liver and hyperplasia of the bone marrow. ’ 

Authors’ Summary. 


The Involvement of the Coronary Arteries in Acute Rheumatic Fever. 
S. R. Slati:r, Am. J. M. Sc. 181:203, 1931. 


Three cases of rheumatic coronary arteritis with closure are reported. The 
symptomatology and the prognosis are discussed. Author’s Summary. 


Pancreatitis Complicating Mumps. M. B. Brahdy and I. H. Scheffer, 
Am. J. M. Sc. 181:255, 1931. 

Pancreatitis complicating mumps produces a characteristic symptom-complex. 
It occurs in both sexes and at any age. In our series the extremes of age 
were 6 and 30 years. The onset is sudden between the fifth and eleventh days of 
the illness with nausea, anorexia and fever. The temperature rises in a day or 
two to 103 or 104 F. in the moderately severe cases, and returns to normal in 
from three to five days. The pulse is usually slow in relation to the temperature. 
The patients complain of malaise, nausea, headache and abdominal pain, and 
usually vomit. The pain and tenderness in our cases were alwaj's in the upper 
part of the abdomen. Most of our patients were constipated, and diarrhea, which 
has been reported by other observers, did not occur in our series. There was no 
glycosuria. Information from autopsy examinations is limited in two cases. The 
pathologic changes in the pancreas reported by Lemoine and Lapasset are com- 
parable to the changes found by Wollstein in the parotid glands of monkeys 
experimentally inoculated with mumps. The abnormal findings in the pancreas 
described by the French authors are in all probability only a little more advanced 


than those which occur in the patients who recover. 


Authors’ Summary. 


Diffuse Progressive Degeneration of the Gray Matter. Bernard J. 

Alpers, Arch. Neurol. & Psychiat. 25:469, 1931. 

In a carefully studied brain from a 4 months old infant which had had con- 
vulsions, restlessness, frozen pupils and practically no other physical neurologic 
findings, Alpers found a large number of pathologic conditions. Thej" were 
present mainly in the cortex, basal ganglions and pons, and were classified as 
developmental and structural. In the former he included paucity of ganglion cells 
in the third cortical layer of the frontal, parietal and occipital lobes ; accumulation 
of foci of embryonic cells (probably ependymal spongioblasts) underneath the 
ependyma, mostly of the frontal parts of the brain and one large focus of such 
cells in the parolfactory area ; an immature state of the macroglia and ganglion 
cells some of which had a moth-eaten cytoplasm; demyelination of the cortex, 
corpus striatum and optic thalami with immense masses of blood vessels and 
capillaries many of which were budding. An interesting feature was an abundance 
of ganglion cells in the white matter of the brain and the cerebellum. The 
subependymal region was thickly covered with masses of spongioblasts, some of 
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which were rather remote from the ependyma. In addition there were evidences 
of arteriosclerosis in a pial blood vessel. 

The structural changes were as foci of softening or necrosis, mostly of 
atypical nature, incomplete and confined to the cortex and the basal ganglions. The 
optic thalamus contained a typical focus with gitter cells and a marked meso- 
dermal reaction which was absent in the atypical foci. In general, the reaction to 
the vast parenchymatous lesion of the brain was neuroglial, not mesodermal. The 
corpus striatum and the walls of the blood vessels contained lipoids. Alpers sums 
up his observations as an incomplete necrosis of the brain described by Jakobs. 
He quotes two more similar cases studied in the latter’s laboratory and contrasts 
them with the diffuse periaxile sclerosis of Schilder where the white matter is 
principally affected, while in the three cases from Jakob’s laboratory the process 
affected mainly the gray matter. The problematic cause of the cortical destruc- 
tion is likely an intoxication. George B. Hassin. 

Disseminated Encephalomyelitis. Roy R. Grinker and Peter Bassoe, 

Arch. Neurol. & Psj’^chiat. 25:723, 1931. 

The authors report four cases of a diffuse involvement of the cerebrospinal 
nerve with the main view to a broad pathologic classification of various types of 
encephalitis. In the first patient, five days after a respiratory infection and bulbar 
symptoms and symptoms of the spinal cord developed. Death occurred from 
pneumonia. The pia-arachnoid showed lymphocytes mixed with granule cells, the 
blood vessels were engorged; the parenchyma of the brain and spinal cord, and 
especially the white matter of the medulla and the sacral portion of the spinal 
cord, was covered with foci of softening situated around the blood vessels (mostly 
veins) ; lymphocytes and plasma cells were also seen around the blood vessels, but 
fat-filled cells were much more numerous. The authors consider this case not 
one of disseminated encephalomyelitis, but rather of the same type as cowpox 
encephalitis. 

In case 2, a gradual hemiplegia developed in a child, aged 10. Death occurred 
twenty- three days after a progressive course and a temperature of 103 F. Micro- 
scopic examination revealed areas of demyelinization in the stibcortex, with many 
myelin fibers preserved and without relationship to the blood vessels. The latter 
showed granule cells (in the damaged areas, while in remote regions they exhibited 
hematogenous elements mainly). While the infectious character of the lesions 
is not denied by the authors, the toxic degenerative nature of the foci of softening 
is not readily admitted by them. 

In case 3, in which the authors made the diagnosis of subacute disseminated 
encephalomyelitis, the duration was five months, after a sudden onset with 
vertigo, vomiting and diplopia. Three weeks later the acoustic, facial and right 
sixth nerves became involved, followed by ataxia in the right leg and arm and 
hemiparesis of the left side of the body. About one month before death, clonic 
spasms in the right arm appeared, followed by paralysis. The general condition 
grew much worse; difficulties of speech set in, with optic neuritis and bulbar phe- 
nomena followed by death. Necropsy revealed in the region of the pons, medulla 
and cerebral peduncles patches of demyelinization. The affected areas contained 
fat scattered in the tissues and in the perivascular spaces of the adjacent blood 
vessels mixed with lymphocytes, but the patches had “no correlation with a definite 
arterial supply.” Older patches contained fibroblasts and small amounts of 
reticulin. 

In the fourth case, a staggering gait and bulbar symptoms with inability to 
control the right arm in writing developed in the patient two months after a 
febrile attack. The symptoms gradually increased within the next two years. 
Examination revealed diplopia, nasal speech, paralysis of the left vocal cord and 
left facial nerve (peripheral type) with a right hemiparesis. While the patient 
was in the hospital a febrile attack developed with aggravation of the <Teneral 
condition; the patient left unimproved. On the basis of three cases examined 
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pathologically a classification of various types of encephalomyelitis has been 
attempted. The greatest majority, including such disease processes as multiple 
sclerosis and Schilder’s disease, cannot, according to the authors, be considered 
primarily degenerative, and the presence of hematogenous elements in the peri- 
vascular spaces should not be overestimated in diagnosing a case as due to an 
inflammatory process. George B. Hassin. 

Encephalitis and Encephalomyelitis in Measles. Armando Ferraro and 
I. H. Scheffer, Arch. Neurol. & Psychiat. 25:748, 1931. 

Six cases of lesions of the central nervous system following measles have been 
studied. Though somewhat varying in severity, the changes were practically alike. 
They were : perivascular demyelinization, though foci with loss of myelin were 
present away from the blood vessels, perivascular proliferation of microglia, mild 
and only occasionally hematogenous (lymphocytes, occasionally plasma cells) peri- 
vascular infiltrations, mild meningeal changes and parenchymatous changes varying 
from acute swelling of ganglion cells to their liquefaction. The vessels were 
engorged, sometimes thrombosed and proliferated. The macroglia showed both 
proliferative and regressive changes. The perivascular proliferation of the 
microglia was mainly in the white substance. The type of changes is classified as 
encephalopathy instead of encephalitis, because of the practical absence of hema- 
togenous elements in the perivascular spaces. Whether the cause is a direct action 
of the virus of measles, a toxin or some allergic phenomenon is left unanswered. 

George B. Hassin. 

Cerebellar Hemangioblastomas with Incidental Changes of the Spinal 
Cord. C. Davison, W. Schick and S. P. Goodhart, Arch. Nedrol. & 
Psychiat. 25:783, 1931. 

In the first patient, a woman, aged 42, diplopia developed thirteen years before 
admission to the hospital, accompanied by dizziness and tinnitis; one year later 
vision became impaired, while the diplopia was intermittent. About three years 
before admission, the patient had difficulties in walking and urinary disturbances 
and vomited. Examination at this time revealed right optic atrophy, absent 
vibratory sense, a right supranuclear facial paralysis, horizontal nystagmus and 
signs of a bilateral lesion of the pyramidal tract. The patient entered the hos- 
pital with the complaint of difficulty in walking, diplopia and visual disturbances. 
In addition to the foregoing signs and s 3 ’mptoms, examination revealed a left 
papilledema and a poor pupillary reaction to light. The spinal fluid and blood 
gave a negative Wassermann reaction. Pleocj'tosis in the spinal fluid with a large 
number of polymorphonuclears, but no albumin, and large quantities of sugar in 
the urine were the other noteworthy feature.s. The condition grew worse; paraj- 
plegia in flexion developed, but the spinal fluid became entirel}’^ normal. A 
multiple lesion of the cerebrospinal nervous system was diagnosed. Necropsy 
revealed hydrocephalus, secondary to an encapsulated cyst in the left lobe of the 
cerebellum which contained a vascular mural tumor (hemangioblastoma) the size 
of a hazelnut and which obstructed the sylvian aqueduct and the fourth ventricle, 
and multiple sclerosis. 

In the second case that of a man, aged 44, there was vertigo, gastric distress, 
unsteady gait, diplopia and genito-urinary anomalies. Later bulbar sjmiptoms and 
an exophthalmos developed, and the patient was unable to walk or to sit up. 
There was muscular atrophy with fibrillation in the pectorals, calf and abductor 
muscles of the thigh; exaggerated tendon and diminished skin reflexes, intention 
tremor, sensory disturbances in the right lower extremity, a mild bilateral 
papilledema, horizontal nystagmus with a right supranuclear facial paralysis. 
Necropsy showed a right cerebellopontile tumor (hemangioblastoma) partially 
adherent to the eighth nerve and to the fibers of the ninth and tenth nerves ; the 
spinal cord showed foci of necrosis in the middorsal segment. 

George B. Hassin. 
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Pathology of Scleroderma. G. Rake, Bull. Johns Hopkins Hosp. 48:212, 
1931. 

A case of scleroderma associated with Raynaud’s disease and dilatation of the 
esophagus and colon is described in a woman, aged 30 years. Lesions were present 
in the cervical sympathetic ganglion cells, and the peripheral arteries showed an 
endarteritis. The relation of the anatomic findings to the clinical symptoms and 
signs is discussed, and the present state of our knowledge on the subject is 


reviewed. 


Author’s Summary. 


Increase in Heart Volume in Mitral Stenosis. E. F. Bland, G. M. 

Balboni and P. D. White, J. A. M. A. 96:840, 1931. 

A young man with mitral disease, under observation for nineteen years, lived 
a relatively active life up to the time of his sudden death, in spite of an extraor- 
dinary amount of cardiac enlargement and an extreme degree of auricular 
dilatation. 

The volume (displacement) of the filled heart was 4,600 cc., which is from 
six to seven times that of a normal sized heart and establishes a record for future 
comparison. ,The literature is notably deficient in measurements of heart volume 
(displacement), a determination that should be a helpful indication of the degree 
of responsibility of cardiac dilatation in the production of cardiac enlargement. In 
the case recorded, cardiac hypertrophy was far less a factor than dilatation in 
causing the extreme enlargement; the weight was 850 Gm., which has often been 
exceeded. 

The left auricle had a capacity of 1,760 cc., a measurement exceeded by only 
three other cases in the literature. The right auricle held 650 cc., which appears 
to be a record capacity. Authors’ Summary. 


The Number of Open Glomeruli in Acute Mercuric Chloride Nephrosis. 
R. A. Moore and L. M. Hellman, J. Exper. Med. 53:303, 1931. 


Acute mercurial nephrosis in the rabbit is not associated with a decrease of 
glomerular circulation. Authors’ Summary. 


The Structure of Young Blood Platelet Thrombi. K. Apitz, Centralbl. 
f. allg. Path. u. path. Anat. 50:9, 1930. 

Alcohol from 75 to 98 per cent, was painted on the abdominal veins of rabbits, 
allowed to act from thirty to sixty seconds and then the veins were excised at 
intervals of from five to one hundred and twenty minutes. In the early stages of 
thrombi, platelets were deposited on the wall of the injured vein in string-of-pearl 
fashion with red blood cells occupying the meshes. Later a contraction took place 
so the red cells were squeezed out and a highly nuclear platelet mass remained. In 
serial sections, fibrin was never found between the platelets in the mass, although 
in three of twenty-one veins fibrin threads were found between the red cells at 
the periphery of the mass. In another series of experiments injections of novirudin 
were made into the animals in addition to injuring the veins with alcohol. In 
the second series no typical collections of platelets occurred at the site of injury, 
although no changes were' noted in the platelets themselves. The conclusion is 
reached that the plasma ordinarily contributes to the agglutination process of 
platelets in some way, and this property is temporarily checked by substances which 


prevent clotting. 


George Rukstinat. 


Idiopathic Calcification of the Cerebral Vessels. T. Fahr, Centralbl. 
f. allg. Path. u. path. Anat. 50:129, 1930. 

Disseminated calcification was observed in the capillaries and precapillaries 
in the white matter of the brain of a man 55 years old. Grossly, this was 
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evident as tiny thornlike processes about which there was no degeneration. Micro- 
scopically, necrosis was not observed but occasional small hemorrhages were seen. 
The only other disease found at autopsy was a chronic cholelithiasis and a 
hypostatic bronchopneumonia. In attempting to explain the condition, Fahr hints 
that the deceased maj' have imbibed vigantol-like substances which predisposed 
to calcification because he was known to partake of a variety of medicines 
frequently. George Rukstinat. 


Panmyelophthisis (Atrophy of Bone Marrow). B. Karitzky, Centralbl. f. 
allg. Path. u. path. Anat. 50:177, 1930. 

The patient in whom this illness was studied was a woman 20 years old in 
whom severe epistaxis, metrorrhagia and melena developed. When first seen her 
blood picture showed 49 per cent hemoglobin, 2,100,000 red blood cells per cubic 
millimeter, 2,100 white blood cells per cubic millimeter, 89 per cent lympho- 
cytes and 9 per cent polymorphonuclears. Despite a liver diet, roentgen therapy 
and three transfusions of blood, her condition became rapidly worse; a month 
and a half after her entrance to the clinic, the red blood cells were only 505,000, 
the white blood cells, 1,400, the polymorphonuclears, 36 per cent and the lympho- 
cytes, 61 per cent ; death from anemia occurred. At autopsy, hemorrhages were 
noted in the bowel, especially at the tips of the rugae and about the Ij'mph 
follicles and in the bone marrow of the femurs. There was a marked hemosiderin 
pigmentation of the cardiac muscle, spleen, kidney and liver and localized lympho- 
cytic infiltrations in the liver. The author considered the possibilit}"^ of the 
transfusions of blood leading to the deposits of hemosiderin, but eventually con- 
cluded that they were best explained by the anemia. Although the case reported 
does not fit in, in entirety, with those reported by Frank, the author thinks 
that it belongs with “panmyelophthisis” rather than with pernicious anemia. 

George Rukstinat. 

Abnormal Origin of the Left Coronary Artery from the Pulmonary 
Artery. A. J. Scholte, Centralbl. f. allg. Path. u. path. Anat. 50:185, 
1930. 

In the body of a 2)4 month old girl who died of bronchopneumonia, the left 
coronary artery originated from the sinus of the left pulmonic leaflet. Associated 
with it were : a marked fibrous myocarditis of the left ventricle with fresh regions 
of focal necrosis; fatty changes and calcification of the cardiac muscle, and diffuse 
endocardial thickening of the left ventricle. Rukstinat. 


The Pathogenesis of Perforating Purulent Aortitis and Its Sequelae. 

J. F. Buchaly, Centralbl. f. allg. Path. u. path. Anat. 50:225, 1930. 

Acute nonspecific aortitis can be divided on the basis of pathologico-anatomic 
changes into verrucose, ulcerating or phlegmonous, and etiologically into the 
metastatic-embolic types and those occasioned by proximit}’^ to an infective focus. 
The author contributes the following interesting case report. A girl, aged 20, 
affected with chronic furunculosis, fell from a bicycle and injured her back. 
The injury was sufficient to produce a locus minoris resistentiae, and a staphylo- 
coccic abscess formed behind the abdominal aorta. From this abscess a phleg- 
monous panaortitis developed, ulceration occurred, and a small amount of bleeding 
took place into the abscess cavity forming a spurious aneurysm. Either at this 
time or previous to it a septicopyemia had occurred. Then rupture of the aorta 
occurred into the false aneurysmal sac extended above the diaphragm, and death 


resulted from bleeding into the right pleural cavity. 


George Rukstinat. 
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The Pathologic Anatomy of Paraffin Sickness. N. M. Kolesnikow, 
Centralbl. f. allg. Path. u. path. Anat. 50:277, 1931. 

The investigations on this illness were carried out on workers in the paraffin 
factor}' at Graseny. Clinically, the illness manifests itself as miliary comedones, 
acne, pustules and papules on the skin. The sites of predilection are the shoulders, 
upper part of the hack, thighs and neck — those parts subject to rubbing. The 
first illness usually starts from two to eight weeks after beginning the work, 
but in some persons a rash developed as much as four months after stopping 
work. In biopsy material it was found that the disease starts as an infection 
of the hair follicles. The lumen of the follicle becomes widened due to the 
pressing into it of paraffin products. The hair roots become markedly altered, 
stain more intensely with basic dyes, become brittle and break into small scales. 
The walls of the distended follicles become thin and then they loose their con- 
nection with the epidermis and lie in the cutis in the form of large thin-walled 
sacs. The surrounding tissue becomes infiltrated with lymphocytes, histiocytes and 
foreign body giant cells. In some cases the follicles produce a leukocytic reaction, 
which in a short time leads to their destruction. Clinically, this is manifested 
in pustules. The follicles or their remnants after acting as foreign bodies in the 
tissues may lie a long time without causing any reaction. Due to many agencies, 
inflammation may set in at any time subsequently. In this way new or delayed 
eruptions are explained. The remnants of follicles eventually become surrounded 
by firm connective tissue into which the}' are absorbed. The end-result of the 
process is diffuse scar formation similar to scleroderma. 

George Rukstinat. 

The Effect of Liver Treatment on the Anatomic Changes in Pernicious 
Anemia. T. Fahr, Deutsche med. Wchnschr. 57:8, 1931. 

Fahr has found that under the influence of liver treatment in pernicious anemia, 
the characteristic anatomic changes in the marrow, the heart and the liver dis- 
appear. The liver treatment, however, does not seem to have any decisive effect 
on' the changes in the spinal cord that may arise in the course of the disease. 


Pathologic Chemistry and Physics 

The Action of Animal Tissues on the Silicious Spicules of a Fresh- 
Water Sponge. Ralph G. Mills, Am. J. Hyg. 13:224, 1931. 

The spicules of the fresh water sponge, Sfongilla jragilis, are composed of 
opal, a form of hydrated silica, which is similar to quartz in its chemical reactions. 
These spicules, when introduced into the tissues of animals, are slowly but 
definitely dissolved, proving that silica is soluble in the tissue fluids of animals and 
presumably of man. This confirms the assumption held by many students of 
silicosis that particles of silicious materia! are gradually converted into the' colloidal 
state and, as such, exert a fibroplastic influence on the lungs of miners and other 
industrial workers exposed to silicious material. Definite fibrosis of the lung 
of a. dog into which the spicules had been introduced suggests that there is a 
concomitant injury attributable to the disappearance by solution of the silicious 
elements of the spicules. Author’s Summary. 

The Value of Brain Lipoids as an Index of Brain Development. 
Frederick Tilney and Joshua Rosett, Bull. Neurol. Inst. New York 
1:28, 1931. 

A brain has been judged efficient or deficient by different investigators according 
to its size, weight or anatomic or chemical properties. In the present study, 
Tilney and Rosett give their preliminary observations of the lipoid contents of the 
brain which are so important in the development of myelin and with it in that 
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of the brain. By using Baug’s micromethod for the determination of the lipoids 
in the blood they found that different divisions of the cerebral cortex possess 
different chemical constituents. Their study is based on sixty-eight human brains 
fixed in formaldehyde. They admit the shortcomings of this method, for fixation 
in formaldehyde affects the phosphatides, a varying amount of phosphorus being 
lost from the tissues. Yet they arrived at certain highly instructive conclusions. 
They found that after two years the values of the lipoids remained fairly constant. 
In ten cases studied for the relative lipoid and water contents in the two halves 
of the cerebral and cerebellar hemispheres, the average difference was less than 
0.1 per cent. Profound systemic changes, as well as defective nutritional states, 
deficiency of vitamins and narcotics such as ether diminish the lipoids in the 
brain. These are also slightly diminished in infections (pneumonia, tuberculosis, 
measles, etc.) and very much diminished in nutritional and metabolic disorders. In 
diseases of the blood and of the cardiovascular organs and in neoplastic diseases 
the lipoid contents are somewhat increased, with a corresponding decrease in the 
water content. In lesions of the nerves with pronounced parenchymatous degenera- 
tion, the lipoid content is, with few exceptions, practically unchanged. In intrinsic 
diseases of the cerebrum and in general sj'stemic diseases, the content of alcohol- 
soluble fatty substances in the brain is increased, indicating a pronounced degenera- 
tive condition — the presence in the brain of an abnormal fatty compound. Further 
studies are to deal with “fractional and topographical estimations of brain lipoids 
in embryonic, fetal and postnatal stages of development.” A special contribution 
will deal with the lipoid content of the blood, spinal fluid and central nervous 


system in patients with multiple sclerosis. 


George B. Hassix, 


The Plasma Phosphatase in Disease, Particularly in Bone Disease. 
H. D. ICay, J. Biol. Chem. 89:249, 1930. 


The phosphatase activity of the blood plasma, expressed by its ability to 
hydrolyse betaglycerophosphate, becomes increased in generalized diseases of the 
bones, such as osteitis deformans, generalized osteitis fibrosa, osteomalacia and 
rickets. The values may be increased, in extreme conditions, to more than twenty 
times those characteristic of normal plasma. The increase is correlated, in a 


general way, with the severity of the disease. 


E. R. Main. 


The Calcium Content of Striated Muscle of Rachitic Animals. V. G. 
Haury, J. Biol. Chem. 89:467, 1930. 

The calcium content of the striated muscles of the rachitic rat is 44 per cent 
lower than that characteristic of the muscles of the normal rat. 

E. R. Main. 


Sugar Content of Skin and Muscle in Diabetic and Non-Diabetic 
Persons. H. C. Trimble and B. W. Carey, Jr., J. Biol. Chem. 90:655, 
1931. 


The elevation in the concentration of sugar in the blood which characterizes 
diabetes is accompanied by a marked increase in the sugar contents of the skin 


and muscle. The average sugar contents of the skin and muscle of nondiabetic 
persons are 56 and 28 mg. per hundred cubic centimeters, respectively. In diabetes. 


these averages may reach 144 and 51 mg. 


Arthur Locke. 


I 

The Oxidation of Fatty Acids of the Serum in Anemia. G. P. Wright 
and B. Arthur, J. Biol. Chem. 90:757, 1931. 


The blood serum of rabbits rendered anemic through direct loss of blood 
has an increased content of unsaturated fatty acids owing to the extension of 
erythropoietic tissue and the consequent extrusion of marrow fat into the blood. 
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In the presence of ferricyanide, these unsaturated fatty acids consume oxygen 
and their presence may lead to errors when the determination of the oxygen 
content of such blood is attempted by the usual Haldane procedure. 

Arthur Locke. 

Precipitation with Cerebrospinal Fluids. A. M. Malloy, R. L. Kahn 
and Lucy Westall, J. Infect. Dis. 48:203, 1931. 

The Kahn reaction and the colloidal gold and mastic reactions depend on the 
globulin fraction of the spinal fluid, the albumin fraction giving negative results. 
The globulin fraction gives more sensitive results than the unfractionated fluid, 
owing undoubtedly to the removal of the protective action of the albumin. After 
a Kahn test has been performed with a solution of globulin obtained from spinal 
fluid and the precipitate removed by centrifugation, the supernatant fluid con- 
tinues to give colloidal gold and mastic reactions. This indicates that the substance 
or condition responsible for the Kahn reaction is not the same as that responsible 
for the colloidal gold and mastic reactions. Heating the globulin fraction at 
56 C. for as long as two hours exerts little effect on the three reactions. Heating 
for twenty-four hours decreases the sensitivity, especially of the Kahn reaction. 
Heating at 65 C. for thirty minutes reduces the sensitiveness of the Kahn reaction 
more than that of the other two. Heating at 70 C.' for thirty minutes reduces 
the sensitivity of all three reactions. The experiments with heating also indicate 
that the conditions governing the Kahn reaction are not identical with those 
governing the colloidal gold and mastic reactions. ■ Authors’ Summary. 


The Blood-Pigment in Obstructive Jaundice. W. J. Griffiths and 
Geoffrey Kaye, Brit. J. Exper. Path." 11:441, 1930. 


In six rabbits, ligation of the common bile duct was followed by early and 
definite icterus, the serum giving a prompt direct van den Bergh reaction. Directly 
reacting human serum and the serum of rabbits after ligation of the common bile 
duct resemble in their properties a solution in serum of the “direct reaction” 


pigment that we have shown to be present in bile. Indirectly reacting human 
serum resembles in its properties a suspension in serum of pure bilirubin. We 
have shown that the “direct reaction” pigment yields a diazoreaction over a 
wide range of hydrogen ion concentrations, viz., when the hydrogen ion concen- 
tration of the mixture after addition of the reagent lies between pu. 1.2 and pK 5, 
approximately; on the other hand, the pigment of indirectly reacting serum, like 
bilirubin, yields no prompt direct reaction until the final hydrogen ion concentra- 
tion of the mixture is adjusted to. about pn 6 by the addition of alkali to the 


serum before it is mixed with diazoreagent. 


Authors’ Summary. 


The Sugar Content of Pleural and Peritoneal Exudates. J. Herms, 
Beitr. z. Klin. d. Tuberk. 75:748, 1930. 

An increase in the total number of cells and in the number of pol 3 ^morpho- 
nuclears in pleural and peritoneal exudates indicates intensified inflammatory proc- 
esses. The protein content is not a reliable criterion, because an increase may be 
due either to inflammation or to resorption. The main portion of reducing 
substances is dextrose; its amount in exudates is independent of the amount of 
dextrose in the blood; it may be equal to that in the blood or may be reduced 
to 10 mg. The decrease of dextrose in exudates is caused by fermentative anaerobic 
glycolysis, by adsorption on proteins and by increase of the amount of fluid. 
Low dextrose values are found in mixed infections, in exudates in chronic pneumo- 
thorax, in exudates that become rapidly purulent and in empyemas. Peritoneal 
exudates rarely show low dextrose contents. 

Max Pinner. 
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Heavy Metals in Gallstones. R. ScnoNiiEiMER and W. Herkel, Klin. 

Wchnschr. 10:345, 1931. 

Copper, zinc, manganese and iron were demonstrated in appreciable amounts in 
gallstones. In comparison with the concentrations of copper and zinc in the liver, 
that of copper in the gallstones is greater, and that of zinc less. 

Edwin F. Hirsch. 

Microbiology and Parasitology 

The Filtrable Forms of Bacteria. P. Hadley, E. Delves and J. Klimek, 

J. Infect. Dis. 48:1, 1931. 

In this investigation we have, for the first time we believe, generated artificially, 
and subsequently cultivated in pure lines, the filtrable, virus-like stage of a 
bacterial species. We produced this form (G type culture) by forcing the dis- 
sociative reaction on the mother S or R type culture. We grew this G form 
in pure cultures as a distinct cj'clostage before demonstrating that at least some 
of the cellular elements contained in it were invariably filtrable through Berkefeld 
N and W candles, as opposed to the S and R type cells, which are not filtrable 
under the same conditions. From the filtrates we were successful in recovering 
the G type culture. We have demonstrated, moreover, that the visible elements 
of the filtrable phase are very different culturally, morphologically, biochemicallj', 
serologicall}', immunologically and in their relation to the Shiga bacteriophage 
from the “normal” forms of the Shiga species, but that they may be caused to 
“revert” to the original cell type, possessing all of the original characteristics, 
including toxicity and susceptibility to bacteriophagic influence. We have shown 
that the filtrable bodies experience a phase of existence in which thej’’ are not 
visibl}' cultivable in or on the usual culture mediums and by the usual :nethods, 
and that a special technic, such as that used bj' Hauduro}', must be employed for 
bringing them into visible development. We have demonstrated, in addition, the 
high degree of stability enjoyed, in many cases, both by the G type cultures and 
by the associated virus-like forms when sealed in ampules and stored for periods 
exceeding two years ; we have come to regard them as the most stable forms of 
the Shiga species. Besides demonstrating the filtrable stage for the Shiga bacillus, 
we or other members of our laboratory group have shown the existence of 
analogous phases of culture development in the ontogeny of ten other bacterial 
species. Their G forms are equally filtrable. Regarding the nature of the G type 
cultures and the associated filtrable forms, we have concluded that the}" represent 
definite cyclostages in the ontogeny of the Shiga species, and that they constitute, 
in part, at least, the gonidia and the microgoriidia. We regard the G type cultures 
as the visible stage of culture existence lying between the noncultivable (visibly) 
virus form and the ordinary culture type (S). Both, therefore, have a definite 
relation to microb'ic dissociation and are natural products of the dissociative 
mechanism. The exact cytologic origin of the G forms and the associated virus 
bodies is not yet entirely clear. There may be several modes of origin, and these 
ma}" not be the same in different bacterial species. The only origins of which 
we can speak with any degree of assurance are the lateral or terminal “buds” 
formed on the rods of old S cultures and the granular inclusions (“gemmules,” 
“gonidia”) produced in, and liberated by, the long rods and the filamentous struc- 
tures that characterize the R t 3 "pe culture. Among the species that we have 
studied we regard this fungoid R phase as the reproductively mature culture form. 
The S, we believe, represents a lower, vegetative stage in the ontogeny of the 
species, while the G type, with its associated virus-like bodies (“microgonidia”), 
represents the lowest. The specific function of the S type cells is, therefore, vegeta- 
tive growth ; that of the R type cells, reproduction ; that of the G forms, dissemina- 
tion of the species. Regarding the significance of these new filtrable forms for 
bacteriology, epidemiology and pathology, although much must be left for future 
study, we have felt justified in discussing in a tentative manner some of the pos- 



ABSTRACTS FROM. CURRENT LITERATURE 


129 


sibilities tliat have occurred to us. At the same time we observe that the filtrable 
phase of ontogeny is not limited to the intestinal bacteria; and it is possible that 
the analogous forms of other species may possess a different significance from 
that suggested by the Shiga bacillus, particularly from the point of view of 
virulence. Regarding the possible relation of these virus-like bodies to the large 
group of filtrable viruses, we believe that our results offer no grounds for con- 
clusions. At the same time, they perhaps suggest that it will be of advantage, 
in the future, to incorporate the point of view of microbic dissociation in the 
study of so-called virus diseases. Authors’ Summary. 

Filarial Periodicity. F. W. O’Connor, Porto Rico J. Pub. Health & Trop. 

Med. 6:263, 1931. 

Histologic studies suggest that the hypothesis of Clayton Lane to the effect 
that the phenomenon of filarial periodicity is due to a simultaneous cyclical parturi- 
tion of gravid female filariae is correct. A mechanism by which the microfilariae 
migrate from the vicinity of the parent worms in the lumina of the lymphatic 
vessels through the walls of the same lymphatic vessels to the adjacent small 
blood vessels on their way to the general circulation has been demonstrated. 
While it is not claimed that this is the usual method of migration, the determined 
nature of its performance suggests that this might be the case. 

Author’s Summary. 


Immunology 

Protection of the Monkey by Antipoliomyelitic Serum. C. P. Rhoads, 
J. Exper. Med. 53:115, 123 and 137, 1931. 

Experiments are reported on the use of poliomyelitis virus neutralized by 
specific antiserum as an agent to induce active immunity against the experimental 
disease in monkeys. The results indicate that protection can be conferred on a 
certain number of the treated animals. The neutralized material did not give 
rise to symptoms of the disease in any of the monkeys treated. Active poliomyelitis 
virus, suitably neutralized by admixture with convalescent serum, was without 
pathogenic effect when given by repeated nasal instillations. 

The experiments described in this paper raise the question whether, thera- 
peutically considered, the antipoliomyelitic horse serum should be regarded as 
an exact equivalent of, and hence employed as a perfect substitute for, convalescent 
serum. This question can only be answered by further experiment and observation. 

A comparison has been made of the neutralizing value of pooled convalescent 
monkey serum for the filtered virus of poliomyelitis before and after a series of 
reinforcement injections of the same virus strain. The strength of the pooled 
convalescent serum is increased by the reinforcing procedure. The original monkey 
convalescent serum had a neutralization value much below that of a pooled 
human convalescent serum. Bj’' reinforcement, the neutralization value of the 
monkey serum was brought approximately to that of the human serum. One 
sample of serum from a supposedly normal child of 8 years exhibited a neutralizing 
value approximatel}'^ equal to that of a pooled human convalescent serum and the 
reinforced pooled monkey serum. Author’s Summaries. 

Mouse Protection Tests for Antibody in Pneumococcus Pneumonia. 
F. T. Lord and E. L. Person, J. Exper. Med. 53:151, 1931. 

Though in general in pneumococcus pneumonia the appearance of protective 
substance coincides rather sharply with the fall in the temperature, antibodies may 
appear spontaneously in the blood serum as early as the third or fourth day, and 
crisis and recovery may be delayed until between the sixth and the tenth day. 
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Recovery at times occurs without demonstrable protective substance in the blood 
of patients in whom protection later develops. The amount of antibody developed 
in the course of pneumococcus pneumonia is small, and in the majority of the 
patients tested was insufficient to protect against more than 100 lethal doses of 
homologous pneumococci and never against more than 10,000 lethal doses. Treat- 
ment with Felton’s antibody late in the course of the disease materially increases 
the amount of protective substances in the blood. In fatal cases a high degree of 
protection may be established by treatment. After the third day, doses of more 
than 200,000 Felton units are usually necessary to produce a greater degree of 
protection than might otherwise be expected. The formation of protective sub- 
stances by the patient himself is not an assurance against the progress of the 
infection to a fatal termination. Protective substance in the blood and pneumo- 
coccic septicemia may occur simultaneously. Authors’ Summary 


Immunization Against Vaccinia by Non-Infective Mixtures of Virus and 
Immune Serum. C. P. Rhoads, J. Exper. Med. 53:185, 1931. 


Vaccine virus and specific immune serum mixed in a proportion that will not 
produce a lesion when inoculated intradermally will induce immunity when instilled 
into the nasal cavities of rabbits. The mixture is also effective when inoculated 
subcutaneously. Immunity is brought about with a minimum systemic and no 
local reaction. When the mixtures are incompletel 3 ' neutralized, generalized 


vaccinia results. 


Author’s Summary. 


The Puumonary Permeability in Dogs in Relation to Anaphylactic 
Shock. N. P. Sherwood and O. O. Stoland, J. Immunol. 20:101, 1931. 

Our results indicate that in heart-lung perfusion experiments on normal and 
sensitized dogs, the phenomena consisting of a reduction in rate of flow of 
perfusion fluid of from SO to 75 per cent, the development of a rubbery consistency 
of the lungs and the appearance of a tracheal exudate, all in from four to seven 
minutes, are not peculiar to the sensitized dog as judged by the blood pressure 
and coagulation time phenomena. While these do not correlate with other and at 
present accepted criteria of sensitization, yet a quantitative studj’’ of our data 
suggests that a probable change in permeability in heart-lung tissue, perhaps inde- 
pendent of anaphylaxis, does frequently result from the injection of horse serum 
in a dog. Experiments in passive sensitization show that marked variation exists 
in either ability to take up antibody or refractoriness to the shocking dose of 
antigen. This observation indicates that negative results on a single recipient 
are not an accurate criterion of deficiency or absence of antibodies in the donor’s 

Authors’ Summary. 


Isohemagglutination : The Work of Jan Jansky with a Critical 
Analysis. J. A. Kennedy, J. Immunol. 20:117, 1931. 

This article reviews the original publication by Jansky on isohemagglutination 
in Archives Bolieines de medecine clinique (8:85, 1907). 


The Antigenic Properties of Bacteriophage. E. W. Schultz, J. S. 
Quigley and E. L, Woolsey, J. Immunol. 20:149, 1931. 

Judged by plaque counts, the neutralization of phage by antiphagic serum was 
found to follow quite closely the curve of the velocity of an adsorption reaction. 
No evidence was obtained to indicate that the reaction follows a logarithmic curve. 
Results were obtained which indicate that in the neutralization the reaction under 
set conditions takes place in definite proportions, provided the reaction is allowed 
to go to completion. The Danysz-Bordet effect was elicited, when phage was 



ABSTRACTS FROM .CURRENT LITERATURE 


131 


added in small increments to serum and, similarly, when serum was added to 
phage in small increments. Neutral serum-phage mixtures could not be dissociated 
by dilution with physiologic solution of sodium chloride. 

From Authors’ Summary. 

Skin Reactions to Pollen Extracts in Rabbits. H. W. Cromwell and 
M. B. Moore, J. Immunol. 20:161, 1931. 

Skin sensitivity to pollen extracts has been demonstrated in actively immunized 
rabbits, trj^pan blue being used as an aid, after the method of Ramsdell (/. 
Immnnol. 15:305, 1928, and 16:509, 1929). The reaction is specific, and is more 
delicate than the precipitin test as indication of an immune response of the animal. 
The localization of the trypan blue also occurs in the abdominal fluid of the 
immune animal following intraperitoneal injection of the ixjllen antigen. Passive 
transfer of the skin sensitivity from immune to normal rabbit has been accomplished 
by the use of large quantities of immune serum. Authors’ Summary. 

Skin Reaction to Agar After Injection of Meningococcus Filtrate. 
G. M. Sickles, J. Immunol. 20:169, 1931. 

Intravenous injections of agar may be followed by reactions in skin areas 
prepared by injections of meningococcus toxic filtrate. Local reactions did not 
occur at the site of intracutaneous injections of agar when followed by intravenous 
injections of agar or of toxin. No reactions were obtained after the injection of 
other nonbacterial substances such as galactose, gelatin, serum and india ink, intra- 
venously, following intracutaneous injection of meningococcus toxic filtrate. 

Author’s Summary. 

Promotion of Phagocytosis by Various Chemical Substances. Ruth 
Tunnicliff, j. Infect. Dis. 48:161, 1931. 

Rabbits receiving intravenous injections of solutions of calcium gluconate, 
calcium chloride, sodium salicylate, sodium iodide, dextrose and neoarsphenamine 
showed a marked increase in phagocytosis by leukocytes in the blood. Physiologic 
solution of sodium chloride, distilled water, milk, sodium phosphate and mercuro- 
chrome-220 soluble in water or in dextrose injected intravenously into rabbits 
appeared to cause no increase in phagocytosis. Intravenous and intramuscular 
injections of calcium gluconate produced the same high degree of phagocytosis 
in rabbits, intravenous injections acting twenty-four hours earlier than intra- 
muscular injections. A high degree of phagocytic activity was obtained in a 
man given intravenous injections of calcium gluconate, followed by intramuscular 
injections and finally by the use of the drug by mouth. With the discontinuation 
of the drug, phagocytosis returned to normal. In vitro, dilute solutions of calcium 
gluconate, sodium iodide, dextrose and mercurochrome in dextrose stimulated 
phagocytosis, while solutions of sodium phosphate, milk and mercurochrome in 
water did not appear to increase phagocytic activity. Author’s Summary 

Cutaneous Hypersensitiveness in Guinea-Pigs Infected with Brucella 
Abortus. A. C. S. Stroem, J. Infect. Dis. 48:167, 1931. 

Guinea-pigs infected with Bnicella showed cutaneous hypersensitiveness to 
abortion even when gross anatomic lesions were absent; those infected with one 
strain of BntceUa showed cutaneous hypersensitiveness to abortin prepared from 
five other strains. Guinea-pigs inoculated with heat-killed vaccine or with a 
mixture of vaccine and kieselguhr did not show cutaneous hypersensitiveness to 
abortin. Guinea-pigs infected with B. abortus gave ' negative reactions with tuber- 
culin. Tuberculous guinea-pigs gave slight, somewhat atypical reactions with 
abortin, presumably due to increased nonspecific hypersensitiveness. 

Author’s .Summary. 
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Local Skin Reactivity to Streptococcus Hemolyticus-Scarlatinae. G. 

Shwartzman, J. Infect. Dis. 48:183, 1931. 

The skin reactivity was induced by intradermal injection of a potent filtrate of 
B. typhosus “agar washings.” The streptococcal reacting factors were present in 
live cultures of the streptococcus in fluid medium. They were also present, though 
in lesser concentration, in filtrates of cultures, in toluene-killed cultures and in 
the supernatant fluid of centrifugated cultures of S. hemoJyticus-scarlalinae. React- 
ing factors in stable form were obtained b 3 ' alcohol precipitation of live cultures. 
The reacting factors persisted in the material after the removal of bacterial bodies 
and could be rcprecipitated with acid alcohol. Author’s Summary. 

“Zoning” Phenomenon in Complement Fixation. B. S. Levine, J. Infect. 

Dis. 48:189, 1931. 

The results, omitting mathematical formulas, arc. as follows : In the serum 
of most adults there are various t 3 '^pes of immune substances. On the addition of 
cholesterized alcoholic beef heart suspension, the action of which is considered 
nonspecific, interfaces are created at the suspended particles of the colloid. The 
so-called immune complexes concentrate at such interfaces in spherical and spheroid 
configuration. With a decrease in the dilution of the serum, the dispersion of 
the suspended complexes increases, leading to an increase in the surface area of the 
sensitized spheres in accordance with a special mathematical formula. With a 
ratio of tlie dispersion in tho serum of the higher dilution to that of the lower 
exceeding 8 : 1, the consumption of complement by volume v/2 of full strength 
serum will be greater than the consumption of complement by volume "v” of full 
strength serum when both are diluted to the same final volume with saline and 
the antigen suspension. Hence, “zoning” will appear in all serums in which the 
consumption of complement by the so-called “nonspecific” antiboflies in the first 
tube of tlie cold fixation procedure just exceeds, equals or nearly equals one unit. 

Edna Delves. 

Detoxifying and Disinfecting Properties of Sodium Salicylate. K. E. 

Birkhaug, j. Infect. Dis. 48:212, 1931. 

Saturated solution of sodium salicylate neutralizes diphtheria and tetanus toxins 
in vitro without destroying their antitoxinogenic capacit 3 '. Neutralization proceeds 
in direct proportion to the concentration of sodium salicylate, the duration of 
contact and the degree of temperature. Simultaneous injection of pure toxin and 
the amount of sodium salicylate that produces a neutral mixture in vitro fails 
to avert death from diphtherial toxemia, although the period of survival is pro- 
longed slightly. No neutralizing effect by the saturated solution of sodium salicyl- 
ate on the toxic filtrates of hemolytic and nonhemolytic was found. This separates 
these “toxins” from the true exotoxins of diphtheria and tetanus. The bactericidal 
action of sodium salicylate on the common pathogenic bacteria is about one-tenth 
that of phenol. The precise mode of action of sodium salicylate in vivo remains 
obscure. Its dual capacity to exercise antitoxic and antiseptic action in vitro 
suggests the hypothetic possibility that its therapeutic success in certain infectious 
diseases is effected by weakening the pathogenic micro-organisms and their capacit 3 ' 
to secrete the deleterious exotoxins. Author’s Summary. 

Tuberculin Sensitivity of Guinea-Pigs under Acidotic Diet. E. H. 

Michalowsky, Ztschr. f. Tuberk. 59:321, 1931. 

Tuberculous guinea-pigs whose alkali reserve was markedly decreased b 3 " an 

acidotic diet showed weaker skin reactions to tuberculin than control animals 

under a normal diet and with a normal alkali reserve. r> 

Max Pinner. 
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Technical 

Inoculation of Tuberculous Material into the Lymphatic Ganglions. 
G. Ninni, Ann. de ITnst. Pasteur 45:433, 1930. 

Rapid diagnosis is secured, particularly with injections of pleural or cerebro- 
spinal fluids, with numerous organisms present in the cervical lymphatic ganglions 
of the guinea-pig. Results are secured within from eight to twelve days after 
the injection of small doses. Selective development of the tubercle bacillus, with 
destruction of other types of organisms that might be present, seems to occur. 

M. S. Marshall. 


Complement Fixation and the Serum Lability Test in Tuberculosis. 
G. IvANOVics, Beitr. z. Klin. d. Tuberk. 75:657, 1930. 


Daranyi’s lability test and the determination of the refraction of the serum aid 
considerably in the diagnosis and prognosis in tuberculosis. They yield constantly 
positive results in exudative tuberculosis, while they are positive in about two 
thirds of the fibrotic cases. Complement fixation jdelds only from SO to 70 per cent 
positive results, and it is not strictly specific. Max Pinner 


Bacteriologic Diagnosis of Tuberculosis. J. Mouriz, Klin. Wchnschr. 
9:2249, 1930. 

The Hohn method is the best for isolating tubercle bacilli from contaminated 
material. The concentration of sulphuric acid in the technic described by Lowen- 
stein should be reduced to a minimum, but not below from 4 to 5 per cent. The 
potato-egg medium used afforded an abundant and rapid growth of tubercle bacilli. 
In order to maintain adequate moisture, a specially constructed tube is recommended. 

Author’s Summary. 

The Use of Illuminating Gas in the Preparation of Museum Specimens. 
A. Schultz, Klin. Wchnschr. 10:213, 1931. 

The use of Jore’s solution saturated with carbon monoxide has been found 
better for fixing and preserving the color of museum specimens than the pre- 
viously suggested Kaiserling iodine solution saturated with carbon monoxide. 

Edwin F. Hirsch. 

Preparation of Pure and Stable Plasma from Mammalian Blood by 
Centrifugation. H. J. Fuchs, Ztschr. f. Immunitatsforsch. u. exper. Therap. 
69:305, 1930. 

The blood is drawn under special precautions to prevent damage to the platelets 
and is centrifugated immediately at 14,000 revolutions a minute. The centrifuge 
is described in Zeitschrijt fiir Immunitatsforschung mid Experiineiitelle Therapie 
(69:180, 1930). The secret of success in obtaining stable plasma lies in the com- 
plete sedimentation of the platelets before they can disintegrate. Plasma has been 
obtained by Dilezenne and others according to this principle from birds, reptiles 
and fishes, with much greater ease because their platelets are not so fragile as 
the mammalian ones. Fuchs concludes from his work that native plasma does 
not contain any free prothrombin. 
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Character of the Excitation Wave in Auricular AIuscle. Frank N. 
Wilson, A. Garrard Macleod (by invitation) and Paul S. Barker (by 
invitation). University of Michigan. 

When one electrode of a sensitive galvanometer is placed on the auricular 
surface and the other on one of the extremities, the resulting curve may be con- 
sidered a record of the potential variations of the cardiac electrode alone. 

The curves obtained from certain auricular regions by this method are, 
so far as their general outline is concerned, of relatively simple form. The shape 
of these curves indicates that the electrical disturbances associated with the 
excitatory process may be represented by a positive pole, or source, just ahead 
of the crest of the excitation wave, and a negative pole, or sink, just behind it. 
The approximate interval between the sink and the source may be determined from 
the experimental curve. 

When both electrodes are placed on the heart, one on an injured and the 
other on an uninjured region, the resulting curve, so far as it is monophasic, is 
due to potential variations within the injured region. 

A theoretical investigation of the electric field surrounding a polarized mem- 
brane shows that these observations are in accord with the so-called membrane 
theory. 

Nutritional Encephalomalacia in Chicks. Alwin M. Pappenheimer and 
Marianne Goettsch, Columbia University, and the Storrs Experiment Sta- 
tion, Storrs, Conn. 

A severe disease of the central nervous system develops in chicks maintained 
on a diet of milk powder, casein, lard, starch, yeast, salt mixture, cod liver oil 
and filter paper. Growth is normal until the appearance of symptoms (usually 
between the eighteenth and the twent 3 '-fifth daj's). These consist of ataxia, 
tremors, retraction or twisting of the head, clonic spasms of the legs and stupor. 
There is found extensive ischemic necrosis of the brain, with hemorrhages and 
capillary thromboses. The lesions are usually in the cerebellum, less frequently 
in the cerebrum and rarel}*^ in the medulla. 

Protective experiments have been carried out with whole wheat, wheat ‘bran, 
wheat germ, white flour, wheat gluten, wheat ash, wheat germ oil, yellow corn, 
dried alfalfa, meat scraps, yeast, ether extract of whole wheat, extracted residue, 
spinach, cabbage and lettuce. Thus far, complete protection has been obtained 
with none of these substances, but the introduction of whole wheat, spinach and 
lettuce appears to reduce the incidence of the disease at the levels fed to approxi- 
mately 20 per cent, as compared with 60 per cent in the untreated controls on 
diet 108. Toxicity of the cod liver oil can be excluded as a factor. Irradiation 
of the chicks with the quartz-mercur 3 ’^ lamp does not protect. A natural diet 
composed of a mixture of grains gives protection ; this is not affected by 
autoclaving. 
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Hyperplasia of the Skin of the Rat and Mouse from Sulphydryl. 
Stanley' P. Reimann, The Lankenau Hospital Research Institute, Phila- 
delphia. 

The sulphj^dryl group ( — SH) is the naturally occurring stimulus to cell divi- 
sion. Sulph 3 'dr 3 d compounds stimulate mitosis not only in a number of different 
living forms, but also in a variety of different expressions -of cell division such 
as normal growth, regeneration, repair of wounds, etc. The details and a theory 
of chemical regulation of growth can be found in the publications of Hammett 
{Protoplasma 11:382, 1930). 

To discover what happens when the sulphydr 3 'l group is offered to normal 
cells, as of the skin, a series of rats and mice was painted with thiocresol in 
alcoholic solution, in lanolin, in petrolatum and in other vehicles. To the same 
animals on another part of the body was applied, as control, a corresponding 
concentration of cresol in the same vehicles. ■■ 

In about 20 per cent of the animals, when the material was applied in a greasy 
vehicle, an itching rash developed after about two weeks of three applications 
weekly. This gradually disappeared over a period of another two weeks, and 
at the end of six weeks both the animals without the rash and those that had 
developed it presented the same end-results, namely, a skin obviously thickened 
and denser to the touch. Histologic examination showed this thickening to be 
due to a proliferation of epithelial cells until the normal two to four layers of cells 
in the skin of the mouse and rat became transformed to eight or ten or more 
layers. The structures preserved their normal relations except for this higher 
differentiation. The connective tissue beneath also reacted by the production of 
more cells and greater vascularity. There was, however, no inflammatory exuda- 
tion in an 3 '- of the animals. Pathologically, it presented the picture of pure 
hyperplasia. 

In this material, Hammett is studying the type of proliferation, the differentia- 
tion of the cells, the differential reactions between the epithelial and the under- 
lying connective tissue, etc., and is preparing reports of his studies for publication. 

Variations in the Temperature of Healthy and Tuberculous Birds. 
David L. Belding, Boston Universit 3 ' School of Medicine and Evans 
Memorial. 

The study of diseases of birds and the use of birds as experimental animals 
require a knowledge of the variations in the temperature of normal birds. My 
observations were made on pheasants, mallard ducks and chickens, and are con- 
cerned with the physiologic and pathologic factors that influence the temperature 
of the body. 

The temperature of the body varies with both the species and the individual 
bird.- ■ It increases with age and is slightly higher in the female than in the male. 
Extreme care is necessar 3 ’' to reduce errors due to the methods of taking the 
temperature and of handling the birds. Excitement with or without demonstrable 
muscular activity definitely increases the temperature. This fact throws doubt 
on the reliability of most of the published records of the temperature of birds. 

Birds show a daily rhythm of temperature, the maximum temperature occur- 
ring at midday and the minimum at midnight. Exercise produces an initial rise 
followed by a fall to a subnormal degree, varying in rapidity with species, age, 
sex and t 3 'pe of, exercise. Fatigue and starvation produce a subnormal temperature. 
Tuberculous birds have a slightly lower temperature than healthy birds. 

The Cellular Reaction to Infection with Tubercle Bacilli; Experi- 
ments ON THE Testes of Normal and Immunized Guinea-Pigs. 
Esmond R. Long, Arthur J. Vorwald and Lillian Donaldson (all b 3 ^ 
invitation), the Universit 3 ' of Chicago. 

Virulent tubercle bacilli of the human type in a dosage of 0.1 mg. per kilogram 
of weight of the animal were injected into the testes of (group A) normal 
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guinea-pigs, the testes of (group B) tuberculous guinea-pigs, the locally immunized 
testes of (group C) guinea-pigs that had received from one to two months pre- 
viously four intratesticular injections, at weekly intervals, of killed tubercle bacilli, 
and the previously untreated testis of (group D) guinea-pigs that had received 
injections of dead tubercle bacilli in one testis. Guinea-pigs of each series were 
killed after periods of one, three, six, ten, sixteen, twenty-four, forty-eight and 
seventy-two hours. Tn each series the great importance of the polymorphonuclear 
leukocyte was shown. It was the predominant cell in the middle stages of the 
early reaction in every case, and was highly active in two respects : (1) phago- 
cytosing tubercle bacilli and (2) localizing them by concentration in deep regions 
of the organ. The speed and intensity of the cellular reaction increased in the 
different series as follows : (1) the testis of the normal animal, (2) the testis of 
the tuberculous animal, (3) the nonimmunized testis of the animal with local 
immunization of the opposite testis and (4) the testis of the animal with local 
immunization of both with testes. A striking feature was the intense response 
of polymorphonuclear leukocytes in the locally immunized testis in spite of the 
fact that large mononuclear leukocytes (monocytes, clasmatocytes, etc.) were 
already present in large numbers as a result of the immunizing process. In the 
tuberculous animals exudation of plasma and tubular degeneration were much 
more intense than in animals of the other series (tuberculin reaction). In each 
series after from twenty-four to seventy-two hours large mononuclear cells 
phagocytosed the polymorphonuclear cells containing bacilli, so that after three 
days the reaction was of the familiar early epithelioid type, the bacilli being seen 
almost exclusively in large mononuclear exudate cells. 

Experimental Infection with Turerculosis. Rorert G. Bloch (introduced 

by Russell M. Wilder), the University of Chicago. 

An emulsion of virulent tubercle bacilli in saline solution injected intratracheally 
quickly produces widespread pulmonary tuberculosis, even when very small 
numbers are injected. It is therefore impossible to produce by this method isolated 
primary tuberculous infects and complexes. A method was developed to inject 
intratracheally very small amounts of iodized poppy seed oil 40 per cent loaded 
with virulent tubercle bacilli and to demonstrate the focus of the iodized oil in 
the lung by x-ray pictures. On killing the animals after from three to four 
weeks, the primary tubercle is found where the oil droplet was demonstrated. 
Comparative microscopic studies indicate that lesions produced in the described 
way do not differ essentially from the ordinary ones. If they are permitted to 
develop into more advanced stages, it is found that the oil slightly delays their 
progress. 

« 

Cytologic Reactions in Experimental Monilial Abscesses. George H. 

Robinson and Samuel R. Haythorn, Singer Research Laboratory, 

Pittsburgh. 

A strain of a pathogenic monilia was used to produce lesions that afforded a 
study of an exudate containing numerous cells closely resembling the Dorothy 
Reed cells of Hodgkin’s disease. 

The lesions produced by the monilia began as small abscesses, which persisted 
for several days and healed with an unusual type of granulation tissue in which 
blood vessels were rarely found and in which two strains of mononuclear cells 
were prominent. One was typical of the ordinary mononuclear phagocytes, and 
these fused to form foreign body giant cells about moniliae and fibrin. The other 
type was a large cell with a cartwheel-like nucleus and prominent nucleoli, which 
were often multiple and which had a slightly granular basophil protoplasm. These 
cells were found in the walls of the abscess, in the newly formed reticulum and 
in the lymphoid tissue in nearby lymph nodes, where they were sometimes found 
in mitosis. The large cells were studied for means of identification in relation 
to cells of the types constituting reticulo-endothelium, lymphoblastic tissue, early 
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cells of the bone marrow, or cells of the megakaryocyte series. They were not 
identified, but their close resemblance to the large cells typical of Hodgkin’s 
disease indicated the danger of diagnosing that disease on the presence of these 
cells alone. 

Growth Requirements of Gonococcus in a Liquid Nonprotein Medium. 

Alden K. Boor (by invitation) and C. Phillip Miller, Jr., the University 

of Chicago. 

In an effort to adapt their protein hydrolysate medium (Proc. Soc. Exper. 
Biol. & Med. 28:370, 1931) for use in liquid cultures of large volume, the authors 
encountered certain difficulties that led to the present study. The medium consists 
essentially of an acid hydrolysate of powdered egg-white, which has been cleared 
with aluminum hydroxide cream, adjusted to the proper hydrogen ion concentration 
and buffered, and to which 1 per cent dextrose has been added. It has the 
advantage of being free from antigenic proteins. 

In order to study the effect of varying oxygen tensions, large tubes containing 
10 cc. of medium were inoculated with approximately equal numbers of organisms, 
and tlie air replaced by mixtures of oxygen, nitrogen and carbon dioxide in known 
concentration, the percentage of oxygen var 3 dng from 10 to 100. The cultures 
were allowed to stand undisturbed in the incubator. Growth was slow and not 
very abundant, but it occurred in alt tubes and was best in those containing 40 
and 60 per cent oxygen, respectively. Varying the carbon dioxide tension seemed 
to have no influence on the growth when the hydrogen ion concentration was 
kept constant. 

When atmospheric air was bubbled through the inoculated medium, growth was 
much accelerated, so that at the end of fifteen hours the yield was more abundant 
than it had been in any of the undisturbed tubes after six days. Agitating a flask 
of the medium by double eccentric rotation (so that the sides of the flask were 
being alternately wetted and exposed to the air) resulted in as good growth as 
was obtained by aeration. 

Effect of Filtration and of Various Constituents of Tissue on the 

Virus of Poliomyelitis. Claus W. Jungeblut, Columbia University. 

Titration of suspensions of virus-infected cord of varying percentages permits 
the finding of a particular concentration with maximum virulence, the concentra- 
tions below and above which show progressively diminished virulence. 

Berkefeld-N filtrates of suspensions of virus-infected cord are frequently more 
virulent than the corresponding unfiltered suspensions, suggesting removal of an 
inhibitory factor from the emulsion. 

Spinal cord from a normal monkey added in vitro to filtrates of virus has no 
appreciable effect on the virulence of the virus. Spinal cord from a convalescent 
monkej'-, in one instance, effected a complete inactivation of the infectious agent. 

Testicle from a normal monkey added to filtrates of virus in vitro appears to 
adsorb the greater part of the virus, so that practically all the virus is found 
in the sediment and very little or none in the supernatant fluid. The testicles 
of monkeys do not all display this adsorptive effect to the same extent. 

Testicle from a normal rabbit is incapable of adsorbing the virus in vitro, 
but rather tends to enhance the infection. 

The Mechanism of the Action of Bacteriotropin : The Relative 

Degree of Phagocytosis by Polymorphonuclear Leukocytes and by 

Monocytes. Balduin Lucre, Max Strumia (by invitation), Stuart 

Mudd and Morton McCutcheon, the University of Pennsylvania. 

In studies on the mechanism of the phagocytosis-promoting action of normal 
and of immune serums and of their protein fractions, the polymorphonuclear 
leukocyte has generally been used as the phagocytic cell. The influence on the 
other principal type of phagocyte, the large monocyte, has received' little attention 
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The present experiments were designed to compare, quantitatively, the effects of 
normal and of immune bacteriotropins on the phagocytic behavior of the poly- 
morphonuclear leukocyte and the large monocyte. The relative degree of phago- 
cytosis bj"^ these cells was determined toward various kinds of particles (collodion, 
different strains of acid-fast bacteria, pneumococci, pyogenic cocci, yeasts, etc.). 

It was found that : 

1. In salt solution alone certain particles are taken up more readily by mono- 
cytes than by leukocytes (mammalian tubercle bacilli, collodion particles, etc.). 

2. Except under special conditions, deposits of normal or of immune serums 
on particles causes a parallel increase in phagocjdosis b}^ both monocytes and 
polymorphonuclear leukocytes. 

3. The degree of phagocytosis in response to bacteriotropins is, in general, 
more pronounced with the polymorphonuclear leukocytes than with the monocytes. 

Immunity of Tissues: Conditions Influencing the Fixation and 
Destruction of Bacteria in the Tissues. Paul R. Cannon, E. F. 
Neckermann (by invitation) and F. L. Sullivan (by invitation), the 
University of Chicago. 

When approximate! j' equal quantities of bacteria are injected simultaneously 
into normal rabbits and into others previously immunized, the bacteria steadily 
leave the blood stream, but at an accelerated rate in the immunized animals. 
Quantitative studies of organs such as the spleen, liver, bone marrow and lungs 
indicate that the number of colonies developing per unit volume of tissue is 
definitely greater, during the first few minutes after injection, in the immunized 
than in the normal animals. After from thirty minutes to forty-five minutes, 
how'cver, more colonies per unit volume are present in the tissues of the normal 
animals. 

Histologic studies show that immunization leads to hyperplasia of the splenic 
follicles as well as of the red pulp, with an increased intensity of phagocytosis 
in the latter. Furthermore, staphylococci ingested by phagocytes in the red pulp 
of the immunized animals seem to become swollen and disintegrated more exten- 
sively and more rapidly than in the normal control animals. The conclusions are 
that immunization, by its activation of the mesenchymal tissues, especialty in the 
spleen and liver, elevates the capacity of the tissues to remove bacteria from the 
blood stream and increases the effectiveness of such tissues in the destruction 
of the bacteria removed. 

The Development of Carcinoma from Polypi of the Colon. H. E. 
Robertson, the Mayo Clinic, Rochester, Minn. 

Studies of the polypi of the colon in various stages of development help to 
formulate the pattern of their growth and of the stages of transition between them 
and cancer. 

The Pathology of Pick’s Disease. Claude S. Beck, Western Reserve 
University. 

The condition designated as “pericarditic pseudocirrhosis” in 1896 and sub- 
sequently known as Pick’s disease consists of chronic pericarditis as the primary 
factor and enlargement of the liver, ascites and other signs of circulatory failure 
as secondary factors. Tuberculosis is generally regarded as the common etiologic 
factor of the pericarditis, but other forms of infection play a more important role. 
The acute infection usuallj' subsides, leaving only scar formation or deposition 
of calcium in the pericardium. 

The Pick syndrome was produced experimentally b 3 ' the application of Dakin’s 
solution in the pericardial cavity. The pericardium became scarified. Adhesions 
between the hea'rt and the pericardium were not necessarj' to produce the condi- 
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tion. The essential factor, as shown by roentgenograms, was the contracture 
of the scar. This impaired the filling of the heart; the venous pressure rose 
and the minute volume output of the heart decreased. Ascites and enlargement 
of the liver developed. The surface of the liver showed a deposition of fibrin- and 
fibrous tissue, and this finding indicated that the classic “Zuckergussleber” was 
not necessarily due to infection. H 3 ’-drothorax and subcutaneous edema developed 
late and were terminal manifestations. The electrocardiograms showed slurring 
and decreased voltage. 

The method provides material for investigation by both clinician and surgeon. 


A Spectrophotometric Study of Blood Solutions. R. P. Kennedy, the 

University of Rochester. 

Some observations on solutions of blood that correlated values for oxygen 
capacity with quantitative measurements of color were published in an earlier 
paper (Am. I. Physiol. 79:346, 1927). Certain optical constants were also 
evaluated for oxyhemoglobin. The data included here represent a similar spectro- 
photometric study of blood pigment in its reduced form hemoglobin. Spectro- 
photometric data of this kind have been available in the literature for a long 
time, but these were derived from the measurement of the color of blood reduced 
by chemical means or reduced b 3 ’ allowing it to putrefy (Hari, P. : Biochem. 
Ztschr. 115:54, 1921). It seems desirable, therefore, to gather additional informa- 
tion concerning the change in the color of solutions of blood when they are simply 
subjected to reduced oxygen pressure. Also, it is important to ascertain whether 
or not the color returns to the original in the reverse reaction. In this work 
the change in color from the o.xidized to the reduced form was studied in three 
steps : First, a spectrophotometric curve was plotted tor a solution of oxyhemo- 
globin. Second, the oxygen was removed by diminished pressure and the corre- 
sponding color recorded. Third, the same solution was resaturated with' air and 
a second ox 3 'hemoglobin curve made and compared with the first. Thus, the 
reversible reaction of oxygen and hemoglobin may be studied from the standpoint 
of colorimetry. 

In addition to the examination of the color of dilute solutions of blood, extracts 
were made of skeletal muscle of perfused dogs and similar spectrophotometric 
measurements made on these e.xtracts in both the o.xidized and the reduced forms. 
It is interesting to compare the shape of spectrophotometric curves of blood 
pigment with that of such curves obtained from blood-free skeletal muscle. Only 
slight differences are observed, and these are discussed. A comparison of the 
curves of oxidized and reduced pigment opens up the interesting possibility of 
determining an oxygen dissociation curve for hemoglobin in dilute solutions. 

The Significance of Water Balance in Epilepsy. F. B. Byrom (introduced 
by Russell M. Wilder), the Universit 3 ' of Chicago. 

The water balance in epileptic patients was determined by the method of 
Newburgh. 

The ketogenic diet causes an immediate loss ,of body water, equilibrium then 
being established at a lower level. Two factors are mainly responsible: First, 
the removal of protein-sparing carboh 3 'drate from the diet causes a temporarily 
negative nitrogen balance and a proportionate liberation of water held in physical 
combination. Second, a loss of fi.xed base (sodium) occurs, which is also arrested 
after a few days by mobilization of the urea-ammonia mechanism. The individual 
convulsions also cause a loss of water. Further attacks ma 3 ', however occur 
during this negative phase, while the reactionary phase of water retention that 
follows may be free from attacks. It is concluded that the convulsions in epilepsy 
cannot be explained solely on the basis of disturbed water balance. 
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Relation of Sulphur to Experimental Anemia. O. M. Gruhzit, Parke, 
Davis & Compan}', Detroit. 

A severe hemolytic anemia was induced in dogs by feeding onions, onion 
fractions and some disulphide derivatives of the general formula R-S-S-R, which 
are chemically closely related to oil of onions, the allyl disulphide. The wmrk 
on disulphides was followed by a similar study of monosulphides of the general 
formula R-SH. The radical “R” in these compounds represents an aliphatic or 
aromatic group. This study covered propyl, tolyl, benzyl, diphenyl disulphides, 
1-cystine and dithioglycollic acid. In the series of monosulphides were included 
thiophenol, thiocresol and butylisothiourea. Since some of these compounds are 
sulphur homologues of phenol, the latter was similarly studied. 

In these series feeding of the benz 3 d disulphide, cystine, dithiogl 3 ’-collic acid, 
butylisothiourea and phenol caused no anemia in dogs. The feeding of propyl, 
tolyl, diphenyl disulphides and the monosulphides, thiophenol and thiocresol, caused 
severe acute hemolytic anemia. The maximum hemolytic effect was reached in 
from five to seven days. The hemoglobin dropped to less than 20 per cent by 
Sahli, the number of the red cells decreased to less than 1,000,000 per cubic 
millimeter. The white cell count rose to 60,000 per cubic millimeter. The 
reticulocytes at times constituted 85 per cent of the total red cells. The red 
cells showed various degenerative forms, and microscopically it w'as difficult to 
differentiate the blood picture from that of pernicious anemia. The color index 
also approached 1 and at times it was over 1. The leukocyte and reticulocyte 
counts always remained high and increased in proportion to the severity of the 
anemia. At no time was I able to induce aplasia of the bone marrow. In some 
of the dogs the hemoglobin has been kept at a level around 20 per cent (by Sahli) 
for the last six months without difficult 3 % and no tolerance has developed, except 
to diphen 3 d disulphide and probably to the monosulphides tested. Discontinuation 
of the feeding of sulphide reverted the condition of the blood to normal. 

The anemia caused by the feeding of sulphide is probably of the same general 
t 3 'pe as that induced b 3 " compounds of the type of pben 3 d h 3 ’drazine. The hemolytic 
action of compounds of the type of sulphide is probably related to a fixed stability 
of sulphur to the radical group. In benz 3 d disulphide the linkage of the sulphur 
to the radical is unstable, the compound undergoes rapid degeneration, and no 
anemia was induced by this compound. The tol 3 'l disulphide, an isomer of 
benz 3 'l disulphide with sulphur in stable relation to the radical, possessed high 
hemol 3 "tic action. The thiophenol, the sulphur homologue of phenol, possessed 
extremely high hemolytic activit 3 % 3 'et phenol had no hemolytic action. In cystine, 
thiogbxollic acid and butylisothiourea the sulphur is bound weakly to the radical. 
These compounds were devoid of hemo^ffic properties. 

In undertaking this study I was interested to develop a method for testing the 
potency of various substances used in the treatment for pernicious anemia. This 
phase has not been as 3 'et thoroughly exhausted, but evidence has accumulated 
to show that desiccated hog stomach or potent liver extracts counteract the 
hemolytic action of sulphides. The hemoglobin values and the red cell counts 
begin to increase and the white cell counts and those of the reticulocytes to decrease 
after a simultaneous maintenance of dogs on the disulphide and the anti-anemic 
extracts. This did not occur as definitely and as regularly when the animals 
were maintained on extract devoid of activity or when inert liver ash was 
substituted for a potent extract. 

Nutritional Muscular Dystrophy in Guinea-Pigs and Rabbits. Marianne 
Goettsch and Alwin M. Pappenheimer, Columbia University. 

An extensive and ultimately fatal dystrophy of the voluntary muscles was 
induced in guinea-pigs and rabbits by dietary means. The young animals at 
the time of weaning were given a natural diet, consisting of wheat bran, rolled 
oats, casein, skimmed milk powder, lard, cod liver oil, sodium chloride and calcium 
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carbonate, in which vitamin E had been destroyed by treatment with ethereal 
ferric chloride, and 3 or 6 cc. of orange juice daily. 

Later experiments showed that the deficiency of vitamin E was not responsible 
for the disorder. Neither was the treatment with ethereal ferric chloride a factor. 
Scurvy, inanition and infection could be ruled out. Control animals on a diet of 
bran, oats, hay and greens had normal muscles. Rats were not susceptible to 
this dietary disease. 

The Action of Epinephrine in Depancreatized Animals. Jesse L. Boll- 

man, the Mayo Foundation, Rochester, Minn. 

Depancreatized animals were maintained in good nutritive condition b 3 " large 
doses of insulin and appropriate feeding. Four days after the withdrawal of 
insulin, and fasting, specimens of muscle and liver were removed under ether 
anesthesia. Large amounts of epinephrine were then given over a period of twelve 
hours, at the end of which additional samples of liver and muscle were taken. 
The urine during the administration of epinephrine showed an excess of sugar 
that could not be accounted for b}' the nitrogen excreted, and a small amount of 
lactic acid was excreted. The glycogen content of the liver showed little change, 
and an increase in dextrose content was usually noted. The dextrose content of 
the muscle showed few changes, but the glj'cogen content of the muscle was 
reduced during the administration of epinephrine to very low values (from 20 to 
40 mg. for each 100 Gm. of muscle). In all experiments the dextrose excreted 
in excess of D/N 2.8 was almost identical in amount with the loss of glycogen 
from the muscle. No evidence of the formation of dextrose from other substances 
(fat) was obtained. 

Menstruation and Focal Reactions. W. F. Petersen, Lloyd Arnold 

and Makgaret Milliken (by invitation), the University of Illinois. 

Focal reactions in areas of either acute or chronic inflammation or in areas 
the seat merely of cellular dysfunction commonly present’ clinical manifestations. 
Indeed, not infrequently the entire clinical picture is dominated by the focal 
reaction. 

The biologic alterations associated with the menstrual cycle are apparently 
frequentl}' associated with the inception of such focal reactions, which may become 
manifest in the skin or mucous membranes, in the internal organs, in the central 
nervous system, etc. 

There is a further importance that attaches to focal reactions inasmuch as we 
make use of them therapeutically in nonspecific therapy, and they probably play 
a role in the normal processes of healing and recovery, particularly in chronic 
infections. It is for this reason that the authors have studied in considerable detail 
the chemical alterations that occur during the course of the menstrual cj’cle and 
present a series of charts in which correlating observations have been made on 
the emotional status of the patient, the disinfecting power of the skin, the blood 
calcium, potassium, chlorides, sugar, cholesterol, phosphates, carbon dioxide content, 
hj'drogen ion concentration, protein content, the leukocjde count, as well as basal 
metabolism, and such manifestations of the skin as the intracutaneous reaction to 
histamine and epinephrine, the dermographic reaction time, blister permeabilit}^ etc. 

For the focal reaction that occurs in tuberculosis, the importance of the 
diminution in cholesterol, of the deficit of alkali and of the great increase in 
permeability of the capillaries that occur in the premenstrual phase would appear 
to be of considerable significance. Presumably the premenstrual phase is unfavor- 
able so far as resistance to tuberculosis is concerned, while the chemical conditions 
that obtain in the postmenstrual period seem to be favorable toward healing and 
recovery. 

For a sj'philitic infection the opposite is probablj' true. 
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The Availability of the Calcium Reserve of the Spongy Trabeculae 
AND Compact Bone in Experimental Hyperparathyroidism. Henry 
L. Jaffe, Aaron Bodansky and John E. Blair (by invitation), Hospital 
for Joint Diseases, New York. 

We have shown that young and adult guinea-pigs are susceptible to the effects 
of single and repeated doses of parathormone; the adult guinea-pigs show smaller 
changes in serum calcium and phosphorus and less resorption of hone than the 
younger animals. Histologic studies of the bones of guinea-pigs with acute or 
chronic experimental hyperparathyroidism have brought out the fact that the 
spongy trabeculae of the epiphyses are the least susceptible to decalcification.' We 
have been unable to confirm the conclusions of Bauer, Aub and Albright that 
the bone trabeculae are more easil}' depleted than the cortex and are the source 
of labile calcium reserve. In young animals before closure of the epiphyseal 
cartilage plates the greatest degree of decalcification occurs in the metaphyses, 
at the costochondral junctions, and in tlie cortices of the ribs and long tubular 
bones. In older or in adult guinea-pigs the diaphyseal cortex is most involved. 
The trabeculae of the epiphyses showed no evidence of resorption in any of our 
animals except in one adult guinea-pig given 2,580 units of parathormone in doses 
pyramided over a period of forty-eight hours. 

Renal Denervation : I. Effect of Snake Venom. H. Effect of Repeated 
Chillings. G. Milles, E. F. Muller and W. F. Petersen, the University 
of Illinois. 

Accurate delineation of the renal vascular bed was obtained by the antemortem 
injection of 25 per cent solution of bismuth oxychloride into the abdominal aorta 
above the origin of the renal arteries. The kidneys were then removed, and 
x-ray photographs of them were made. 

When this method was applied to animals on which unilateral renal denerva- 
tion had been performed two or more weeks before, it was found that the injec- 
tion of snake venom caused much more profound changes in the denervated than 
in the normal renal vascular tree, as demonstrated by immediate injection of 
the kidneys. From this it is concluded that the innervation of the kidne}’’, by 
vasoconstriction, protects the organ from exogenous toxins. 

On applying the same method for the demonstration of the renal vascular 
bed, it was found that daily chilling repeated for periods up to six months resulted 
in a marked decrease in the size of the vascular bed in the normal kidney as com- 
pared with the denervated kidney. The conclusion is drawn from this that vaso- 
constriction of the kidney is obtained by chilling and when repeated over a period 
of time results in definite vascular damage. 


The Bone Marrow in Agranulocytosis. Raphael Isaacs, the University 
of Michigan. 

In a patient who died from a severe infection with necrosis of the skin of the 
scrotal and perineal region, the blood showed a practically complete disappearance 


Total cells 

Red blood cells 

Nucleated cells (all types) 
Polymorphonuclear cells .. 

Metamyelocytes 

Myelocytes 

Myeloblasts ‘ 

Eosinophils (“lymphoid”) 

Endothelial cells 

“Lymphoid” cells 

Erythroblasts 

Megakaryocytes 


Sternal Marrow, 
per. 

Cubic Slillimeter 

1,062,000 
666,000 

396,000 
0 
0 
0 
0 

29.526 

62.526 
255,316 

48,632 

Present 


Vertebral IMarrow, 
per 

Cubic Millimeter 

834.000 

504.000 

330.000 
0 

0 

0 

0 

37,635 

46,315 

205,525 

40,525 

Present 


of polymorphonuclear neutrophil leukocytes. On the day of death the white blood • 
cell count was 700 per cubic millimeter. During the four weeks of illness the 
febrile reaction was marked, the temperature ranging from 102 to 104.5 F. The 
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bone marrow from the sternum and a vertebra, taken at autopsy, was very red, 
and the bone trabeculae were prominent. The cells were counted by drawing 
up fresh marrow to the “5” mark of a Sahli hemoglobin pipet, and diluting twelve 
times with blood serum and further diluting with Hayem’s solution as in making 
a red blood cell count. The nucleated cells and red blood cells were enumerated 
separately. The remaining suspension of cells and serum was used to make cover 
glass films for differential cell counts (Wright’s stain). The table shows the 
quantitative data. 


CHICAGO PATHOLOGICAL SOCIETY 

Regular Monthly Meeting, April 13, 1931 
Joseph A. Capps, President, in the Chair 

Uremic Dermatitis. S. R. Rosenthal. 

The characteristic macroscopic change of the skin in uremia is a “uremic 
frost.” This occurred in thirty-three of fiftj'-six patients with uremia. In forty 
cases in which the skin was studied histologically there was a gradual atrophy of 
the skin directly proportional to the duration of the disease. This atrophy is 
explained on the basis of a constant saturation of the skin with urea (determined 
by the xanthydrol reaction), which interferes with the afferent and efferent 
circulations. Urea is not toxic, and it is found in the skin in direct proportion 
to the concentration of urea in the blood. 

This complete report appears in Arch. Dcnnat. and Syph. 23:934 (May) 1931. 

The Early Cellular Reaction to Human Type Tubercle Bacilli in the 
Lung of the Rabbit. Arthur J. Vorwald. 

A previous study of the histopathologic reaction of the tissue of the lung in 
normal animals of varied species, at intervals of one day, one week and one month 
after an intravenous injection of a known amount of human type tubercle bacilli, 
demonstrated that 'in order to differentiate cell types partaking in the reaction 
intervals of’ less than twenty- four hours should be studied. My purpose is to 
describe the cellular response occurring in the lungs of normal rabbits at intervals 
of from one hour to one month after inoculation, stressing particularly the role 
of the polymorphonuclear leukocyte. 

Rabbits were given intravenous injections of 0.1 mg. of human type tubercle 
bacilli per kilogram of body weight. The animals were killed at selected intervals 
after inoculation, and the lungs were immediately fixed in situ by the intratracheal 
injection of Zenker’s solution of formaldehj’^de. The tissues were embedded and 
sectioned in celloidin. The tubercle bacilli were stained with carbol fuchsin, and 
for counter stain hematoxylin eosin-azure was used in one series and hemato.xylin 
g-azure in another. 

During the earliest stages, the first cells to react against the tubercle bacilli 
are the polymorphonuclear leukocytes, which encompass and phagocytose the 
organisms. Such foci invariably contain bacilli. This reaction is confined at first 
to the small capillaries, and then extends to the adjoining alveolar walls and spaces. 
Within fourteen hours, the polymorphonuclear leukocytes with and without tubercle 
bacilli are phagocytosed extensively by the mononuclear exudate cells, which increase 
in number to the exclusion of the leukocytes. The tubercle bacilli thus are 
liberated in the cytoplasm of the exudate cell. At stages later than eighteen hours, 
the mononuclear exudate cells with and without bacilli dominate the reaction 
so that at one month they constitute by far the majority of the cells in the typical 
tubercle. At this stage most of the mononuclear exudate cells have an oval, 
vesicular nucleus and a large, slightly foamy, pale blue cytoplasm. There is no 
selective localization of tubercle bacilli in the Ijmiphoid aggregates. Almost always 
the bacilli lodge in the alveolar walls and there set up an inflammatory reaction. 
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Throughout all stages the absence of mitotic figures in the cellular reactions is 
striking. 

I have reached the following conclusions: 

The earliest cells responding to an intravenous injection of tubercle bacilli in 
rabbits are the polymorphonuclear leukocytes. 

This reaction is inflammatory and specific. The i>olymorphonuclear leukocytes 
phagocytose the tubercle bacilli and play a great role in the early localization of 
these organisms. 

Mononuclear exudate cells later dominate the cellular response, phagocytose and 
digest the polymorphonuclear cells and engulf their contained tubercle bacilli. 

There is no primary localization of tubercle bacilli in the lymphoid aggregates 
of the rabbit’s lung. 

Hemorrhage and “Shock” in Traumatized Limbs: Total, Free and 
Bound Water Changes of Blood and Muscle. William Robinson 
and Eloise Parsons. 

The water content of the blood and muscles, in respect to both total water and 
water in the “free” and bound state, has been studied in animals under the influence 
of hemorrhage, histamine and trauma. The free water is that which freezes at 
— 20 C., as determined by the “heat of fusion of ice” method of Rubner. The 
total water is determined by drying the material until a constant weight is obtained. 
The difference is termed bound water. The method is such that small samples 
can be analyzed, so that frequent determinations during the course of an experi- 
ment can be made and changing conditions can be studied. 

The observations show that with hemorrhage there is a compensatory transfer 
of water chiefly in the “free” state from the muscles to the blood. In “histamine 
shock” the fall of blood pressure is associated with, and perhaps the result of, a 
transfer of water from the blood to the muscles. In “shock” produced by severe 
trauma to the leg (produced by blows from a padded hammer), the evidence 
indicates that with minor trauma there is in some cases a loss of fluid from the 
blood to the muscles associated with a slight fall in blood pressure, and that with 
major trauma the changes are those of hemorrhage in that there is a dilution 
of the blood remaining in the general circulation, at the expense of water with- 
drawn from tlie muscles. 

The findings in this study are in support of the work of Parsons and Phemister, 
Blalock and others, which indicates the importance of the loss of blood in 
traumatized tissue in causing the fall of blood pressure after severe trauma. 

Squamous Cell Carcinoma in a Dermoid Cyst of the Ovary. P. A. 
Delaney. 

Dermoid cysts constitute about 10 per cent of all ovarian tumors, and in about 
1 per cent malignant changes occur, usually carcinoma. In 1929, Masson and 
Ochsenshirt {Siirg. Gynec. Obst. 48:702, 1929) reported three dermoid cysts with 
squamous cell carcinoma from the Mayo Clinic, their contribution bringing the 
total to tliirty-six. 

A white woman, aged 60, entered the Englewood Hospital, Chicago, because 
of pelvic pain of six or seven years’ duration, which had become progressively 
worse especially during the three months before admission. On physical examina- 
tion, a pelvic tumor was found. Operation revealed a large cyst containing about 
1 quart of creamy fluid and large amounts of hair. The base of the cyst was 
adherent to unrecognized structures deep in the pelvis and consisted of friable 
tissue that appeared malignant. The abdominal wound never completely healed, 
and a fistulous opening persisted until the patient’s death nine months later with 
symptoms of recurrence of the tumor. She died away from the city, and autopsy 
was not performed. 

The emptied cyst weighed 156 Gm. The wall of the C 3 'st, awa 3 ’- from the 
base, where it was from 2 to 3 mm. thick, had a stratified squamous epithelial 
lining with frequent transitions to pseudostrati fied and simple columnai, partly 
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ciliated epithelium. Among the simple columnar epithelium were theca cells with 
specific mucin reactions. The subepithelial connective tissue stroma contained hair 
follicles with sebaceous glands, sweat glands and smooth muscle cells. Tissue from 
the base of the cyst showed extensive accumulations of anaplastic squamous epi- 
thelium with frequent “pearl” formation. Numerous large areas of necrosis, 
as well as many giant. cells, involved both the stroma and the malignant tumor. 
In some of the sections with extensive carcinoma, cortical ovarian tissue stroma 
was identified. Sections removed from the inner lining of the cyst at its base, 
near where ulceration was present, .had a gradual transition from normal to 
malignant, stratified, squamous epithelium. 

Mixed Tumor of the Scalp. P. A. Delaney. 

In 1930, Dr. Erb of the Konigsberg Policlinic published a lengthy article 
entitled “Rare Mixed Tumors of the Scalp” (Beifr. s. klin. Chir. 149:617, 1930). 
He reported the first one seen in his clinic and contributed the fifth to the litera- 
ture. His bibliography contains no reference to American, English or French 
authors. 

A white man, aged 59, went to his physician for the removal of a small tumor 
over the left parietal prominence. He said that in 1915 or 1916 he had bruised 
the scalp. The injury healed without a scar, but about six months after the 
accident a barely perceptible mass appeared which grew slowly but progressively. 
Surgical removal was sought largely for cosmetic reasons. 

A preoperative diagnosis of sebaceous cyst was made, but a solid tumor closely 
adherent to the overlying scalp was found. The surgical wound bled profusely 
and was closed without assurance that all of the tumor had been removed. The 
part removed was firm, white and yellow tissue weighing 1 Gm. and was 15 by 
10 by 7 mm. It was fixed in Bouin’s fluid. 

Histologic preparations stained by various methods had a narrow fibrous con- 
nective tissue capsule. Epithelial tissues as intercommunicating and free tubulo- 
alveolar structures formed most of the section and frequently had a lumen content 
of individual round to oval cells that resembled those of the layers of the inner 
wall, their cytoplasm being homogeneous and acidophilic; the basal cell layer or 
layers had an intracellular content of fibrillae similar to that of the excretory 
duct of related marginal groups of sweat glands, or that of so-called myo- 
epithelial cells common to the sweat and mammary glands. In many places there 
was a proliferation of basal fibrillar cells into the adjoining stroma, while in 
other locations the inner nonfibrillar cells had proliferated and invaded the 
stroma to induce marked changes and become greatly altered in structure. The 
stroma was homogeneous and stained intensely red with mucicarmine, while most 
of the cells were polymorphic and vacuolated, singly or in groups. No daughter 
capsules were evident, but the stroma about the isolated or grouped cells frequently 
took a deeper stain, giving the impression of a capsule. On superficial examination, 
this latter tissue had cartilaginous characters, but in fact it was stroma tissue 
with changes accompanying the advance of invading epithelial cells of a specific 
type. The tumor did not have stellate myxoblasts. There were small isolated 
areas resembling intracanalicular fibro-adenoma of the breast and groups of tumor 
cells in the lumen of blood vessels without connection with the endothelial lining. 
There was no mitotic activity. 

Four months after operation, the patient had a healed surgical scar and two 
small subcutaneous masses about 2 and 4 mm. in diameter, respectively. Five or six 
hair shafts projected over them, although the patient had an advanced stage of 
baldness. 

This tumor illustrates the transformation of collagenic connective tissue stroma 
into a pseudocartilaginous matrix by the invasion of epithelial cells. This suggests 
that a similar change takes place in mixed tumors of the salivary glands. Although 
the structure of the adenoma favors origin in sudoriparous glands, the possibility 
of the participation of sebaceous glands or hair follicles in its formation is not 
disprc.ved. 
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The Association of Pseudohermaphromtisjius Masculinus Externus with 
Adrenal Hyperplasia and Vascular Hypertension. Claire E. 
Healey and Chester C. Guy. 

This article will be published in full in a later issue of the Archives. 


Regular Monthly Meeting, May 11, 1931 
Paul R. Cannon, President pro tent., in the Chair 

The Immunologic Specificity of Antigens of the Brain. Julian H. 

Lewis. 

Many attempts have been made to demonstrate for the various organs of the 
body an immunologic specificity that is comparable to the specific character of their 
functions, anatomy and chemical composition. The existence of organ-specific 
antigens permits the immunologic differentiation of the different organs within the 
same species and establishes a relationship of the same organ in different species. 
The classic example of such an organ specificity is that of the crystalline lens. An 
absolute differentiation of this organ from all other organs in the body can be 
made by appropriate immunologic reactions, and as a corollary, no differentiation 
can be made between the cr 3 '^stalline lens of any species. This complete organ 
specificity also carries with it the ability to form iso-antibodies. An animal can 
be sensitized and shocked with its own lens. As to other organs of the body, 
a slight and inconstant differentiation can be made within the species. This has 
been found to be particularly true in comparisons of the sex organs with other 
organs, but no relation has been found between sex organs of different species. 

Recently, Witebsky reported that the brain can be placed in the same class as 
the crystalline lens, since it contains antigens that show absolute organ specificity. 
The only difference between the crystalline lens and the brain is that the specific 
antigen of the latter is reported to be lipin. Because of the importance of this 
contribution, I have repeated and extended Witebsky’s experiments in order to 
verify them. 

Rabbits immunized with a suspension of rat, beef or guinea-pig brain form anti- 
serums that react not only with suspensions of brains of other mammals, but also 
with those of birds, fish and reptiles. Alcoholic extracts serve as antigens just 
as well as do the suspensions. By saturation experiments, some differentiation 
can be made between these interacting antigens of the brain, since by saturation 
experiments all antibodies for a heterologous antigen can be removed without 
removing the antibodies for the homologous antigen of the brain. 

Gaucher’s Disease. Ernest Kraft and Henry F. Hooker. 

An unmarried woman, aged 25, with a markedly enlarged spleen, had lost 
weight and strength for several months. The spleen, which was removed surgically, 
measured 31.2 by 21.6 by 14.4 cm. and weighed 6,800 Gm. The histologic structure 
was that of Gaucher’s disease. Following splenectomy, the patient improved 
markedly in health. The father and a brother of the patient are known to have 
had enlargement of the spleen. 

Congenital Diaphragmatic Hernia Associated with an Accessory Lung. 

Chester C. Guy and George Rand. 

A full-term female infant lived one hour after birth. A diaphragmatic hernia 
on the left bulged into the chest and occupied three fourths of the left half 
and contained the stomach, the small bowel, the cecum, the ascending colon, the 
pancreas and the spleen. In the lower portion of the left pleural cavity, behind 
and medial to the hernial sac. was an accessory mass of lung tissue, 4 by 2 bj' 
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2.5 cm., attached medially to the upper surface of the diaphragm at the edge of the 
hernial opening by a pedicle 8 by 8 mm. The arterial blood supply was chiefly 
through a branch from the thoracic portion of the aorta. Microscopically, the 
structure of the tissue was that of fetal tissues of the lung with atelectasis. 

Familial Congenital Atresia of the Intestine. Eric A. Fennel. 

A secundipara, aged 27, was delivered of a male child with a distended abdomen. 
The anal opening of the child was patent, but an obstruction of the rectum was 
found 2 inches (5 cm.) above. Eight hours after birth, with the patient under spinal 
anesthesia, laparotomy released more than a pint of serofibrinous exudate and 
demonstrated extensive adhesions between the abdominal viscera. The rectum was 
small, and the sigmoid colon had a diameter of 9 mm. and seemed solid. A tube 
was inserted into the rudimentary lumen, and the laparotomy wound was closed. 
The child died seven hours later (fifteen hours after birth). Cultures of the peri- 
toneal exudate were sterile. There were no changes in the esophagus, lungs, heart, 
pleurae, gallbladder, bile ducts, kidneys, ureters and urinary bladder. A generalized 
fibrinous exudate covered the viscera of the abdomen. The lower portion of the 
duodenum had a thin wall and an empty dilated lumen. The jejunum and ileum 
were distended with meconium, soft in the upper loops and firm in the lower loops. 
The wall of the small bowel was thin. The cecum was large; the colon was firm 
and had a diameter of 9 mm. The wall of the first 7 cm. was thin; the lumen 
was 7 mm. in diameter and contained brown meconium. Beyond this portion, the 
lumen of the colon was a small cleft which disappeared in the rectum. Histologic 
preparations of the small bowel had no noteworthy changes. Those of tlie colon 
had the usual tissue structures. There were no inflammatory reactions. 

On the third day after birth, the brother of this child, who was born to the 
mother thirteen months before her second confinement, had symptoms suggesting 
pyloric stenosis. The distal 8 inches (20.32 cm.) of the small bowel and the 
entire colon had a diameter of 1 cm., and the cecum was small. There were no 
tortions or thrombosed vessels. No congenital anomalies are known in the families 
of the father and the mother of these infants. Some hereditary factor seems 
concerned with the malformations. 
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Die sexuellen Zwisciienstufen. By Richard Goldschmidt, Professor und 

Direktor am Kaiser Wilhelm-Institut fur Biologie im Berlin. Price, 45 marks. 

Pp. 520, with 214 illustrations. Berlin: Julius Springer, 1931. 

The problem of the unusual conditions of the reproductive system, which are 
of far more frequent occurrence than is known by even the most scientific investi- 
gators, has at once a remarkable attraction for the general scientist, biologist, 
animal breeder and clinician. The once generally accepted idea of the stability 
of sex and its concreteness — entire maleness or femaleness — is gradually giving 
way to an appreciation of the plasticity of sex, in extreme cases of which an 
organism may at one time display the female characters and produce ova and 
at a later time develop the characters and psj'che of the male and even produce 
spermatozoa. Between the two extremes of malcness and femaleness there exists 
a vast field of sexual intermixtures — intersexes, se.x intergrades, hermaphrodites 
and gynandromorphs — in which all stages of the reproductive organs and asso- 
ciated external and internal structures of both sexes are represented in the same 
organism. 

Professor Goldschmidt is a leading authority on the subject oi intersexuality 
by virtue of practically continuous investigation in this field for more than twenty 
years. In this book he not only summarizes his own extensive investigations 
dealing with the crossing of races, embryology, cytology and genetics as they 
have been means of analyzing the sexual conditions presented, but also gives an 
exhaustive review of the facts and theories of intersexuality presented by other 
investigators and covering the entire animal kingdom. 

After carefully distinguishing between such types of sex interrm’xtures as the 
true intersexes and gynandromorphs Goldschimdt proceeds to analyze the approach 
to the study of the problems and properly emphasizes the necessity of knowing 
the embryologic, anatomic, cytologic and genetic piiascs of tlie particular indi- 
vidual or group under investigation. His own extensive contributions on the 
peculiarities that have arisen in Lymantria, the gypsy moth, in which for example 
a given male when crossed with female (a) of one race produces offspring that 
are normal, whereas when crossed with female (b) from another race produces 
offspring all, or definite proportions, of which show reproductive sj^stems or 
other sex characters of mixed type and covering the complete range from one 
sex to the other, are explained by different intensities, valences or strength of 
the individual sex determiners. Thus a race may be out of balance in its sex 
determiners with a different race, and the progeny arising with the imbalance 
of determiners for maleness or femaleness may show an intermediate or mixed 
development that may occur at different critical periods in development. The 
relative period with which the imbalance becomes effective in development accounts 
for the different degrees of intermixture. A zygotically determined female 
offspring, for example, may show this critical point sufficiently early in develop- 
ment as to develop completely into a male and so function. Genetic analyses have 
revealed the true nature of such offspring. Following the impressive array of 
evidence in support of his quantitative theor}’- of sex, now generallj'- recognized 
as a fundamental biologic principle in thC' determination of sex, Goldschmidt 
reviews the known facts of intersexuality demonstrated among fish, amphibia, 
birds and mammals, including man; he thus offers a common ground for an 
explanation of intersexuality among all the animal groups, invertebrates as well 
as vertebrates, but as sharply as possible he distinguishes between genetic and 
hormonal influences as they operate in the life of the organism. 
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The reader is impressed with the general organization and the handing of 
the vast complexities brought under consideration. Much more than half of the 
book deals with intersexual conditions found among the vertebrate group. The 
book is excellently illustrated with both original and recently published illustra- 
tions and with instructive explanatory diagrams. It is notable that a great deal 
of the literature of 1930 forms an integral part of the book, hence it is well up 
to date on the findings in this particularly interesting field of research. 

The Physician of the Dance of Death. A Historical Study of the 
Evolution of the Dance of Death Mythus in Art. By Aldred Scott 
Warthin, Ph.D., M.D., LL.D., Professor of Pathology and Director of the 
Pathological Laboratories in the University of Michigan, Ann Arbor, Mich. 
Price, $7.50. Pp. 142, with 92 illustrations. New York: Paul B. Hoeber, 
Inc., 1931. 

This book is a reprint with additions and corrections of articles in Annals of- 
Medical History. Since his student days the author has felt a special interest in 
representations in art of human death. During the years scattered hours of leisure 
were given to the study of writings and works of art representing the thoughts 
about death by European peoples during the past six centuries. Little by little 
the author gathered a unique bibliographic collection concerning the Dance of 
Death, and this collection is the basis of the book. 

The physician in the Dance of Death motive, in which the personified human 
skeleton stands for the process of death, is followed from the late fourteenth 
century to the present time in scholarly and artistic discussion. The introduction 
deals with the beginnings and early significance of the' Dance of Death. The 
discussion of its further evolution is divided logically as follows ; The period of 
the great wall paintings ; the pre-Holbein manuscripts, block books and the 
Incunabula; Holbein; the imitators of Holbein; the period of caricature; the 
modern Dance of Death. Most of the illustrations reproduce various pictures 
of Death and the Phj'sician. The physicians of the past are- seen under conditions 
that reflect their ways of practice, their character and social standing and the 
contemporary state of medical knowledge. The anatomist is represented in these 
figures, but the pathologist seems to have been overlooked. At present, the 
physician himself seems to be stepping out of the picture. 

“The Dance of Death idea is as immortal as the life of the race; but in each 
new period of human thought it will express itself in new form corresponding to 
the predominant philosophy of that time. From the primitive wall paintings of 
tlie Middle Ages as marking the period of religious superstition, to the intellectual 
creation of Holbein as characterizing the Renaissance, and following this the 
gradual decrescendo through the Rococo period to modern times, the Dance of 
Death motive has followed a definite evolution which now awaits the artist of the 
modern period, who will express adequately in some art form the changed 
philosophy of the twentieth centurj^ toward Death; the Totentanz mythus awaits 
a new birth.” 

The work is a choice product of the wise use of leisure hours in the pursuit 
of a fascinating hobby. 


Antigens in the Light of Recent Investigations. By Oluf Thomsen, 
Professor of General Pathology in the University of Copenhagen. Trans- 
lated from the Danish by Hans Andersen, M.D. Pp. 187. Copenhagen, 
Denmark: Levin and Munksgaard, 1931. 

The book is divided into three chapters. The first chapter deals with the 
definition of antigens and antigenic functions. In the second chapter, which is 
the longest, the different kinds of substances that may act as antigens are dis- 
cussed. First come the proteins, the natural as well as the artificially altered; 
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then the lipoids, including the heterogenetic antigens, the carbohydrates and their 
role in the specificness of bacterial species and bacterial types; the so-called 
chemospecific antigens, and finally, the true bacterial toxins. The third chapter 
considers certain special problems in the light of the progress in the study of 
antigens; the nature of the Wassermann reaction, lipoid anaphylaxis, idiosyncrasy 
("synonym for hypersusceptibility, sensitization and allergjO and bacterial allergies. 

The author has succeeded well in presenting the main advances of the recent 
investigations of antigens. The book will be particularly helpful in reviewing the 
present knowledge of haptenes, carbohydrates, lipoids and chemospecific antigenic 
substances and their role in immune reactions, in specificness and in allergJ^ 
The advances in the understanding of the role of haptenes may lead to a more 
satisfactor}’’ interpretation of certain forms of hypersusceptibilit}'. Technical details . 
of the preparation of antigenic substances or of tests of various kinds are not 
discussed. The great problem of how antigens act in the body in the production 
of antibodies is hardly touched. But then it is true that no signal advances have 
been made in respect to the fundamental problem of the production of antibodies 
since 1920, which is the period with which the book is particularly concerned. 
The course and distribution of antibodies in the immunized organism are not 
considered. 

The translation is fairly satisfactor 3 ' ; in the main the meaning is clear, but at 
times the language is cumbersome and occasionally one notices peculiar turns, 
e. g., “regarded after this theory” in place of interpreted in accord with this 
theory; in other instances the word after is used in the sense of because; “the 
hypothesis seems constructed” in place of forced or labored. In the section on 
idiosyncrasy (allergy, hj'persusceptibility), idiosyncratic is used free^' as syno- 
nymous with allergic, hypersusceptible and hj’persensitive. An index would have 
been helpful. The German word “Schlepper.” which is used by Sachs and others 
to describe the more or less mechanical role of foreign serum in establishing the 
antigenic effect in vivo ascribed to certain lipoids, has not received a satisfactory 
English equivalent. The suggestion is ventured that “conveyor” or “carrier” 
seems to meet the need. The general quality of the subject matter of the review 
is praiseworthy. The topics presented are discussed satisfactorily in a critical 
but constructive and helpful spirit. 

The Factor of Infectio.x in the Rheu-aiatic State. By Alvin F. Coburn, 
Resident Physician of the Presbyterian Hospital in the City of New York. 
Price, S6, Pp. 288, with 48 illustrations. Baltimore : Williams & Wilkins 
Compan}% 1930. 

Most of the material for this book was obtained from a group of 162 patients 
with rheumatic fever and rheumatic endocarditis studied over a period of years. 
The author has made a composite picture of all the clinical phenomena observed 
in this group, which he calls rheumatic disease. Streptococcus haemolyticus was 
found to be the predominant organism in the upper respiratory tract at the onset 
of rheumatic attacks in almost all patients. The author observed that hemolytic 
streptococci are seldom found in the throats of people living in Porto Rico, and 
that rheumatic fever rarely occurs in the tropics. Ten patients with persistently 
active rheumatic disease were sent to Porto Rico for six months. They showed 
considerable improvement, and the hemoh'tic streptococci disappeared from their 
throats. As soon as the patients returned to the United States, the same organisms 
reappeared in their throats and the rheumatic attacks began again. Tests of the 
skin with the nucleoprotein of Streptococcus haemolyticus showed decided reac- 
tions in almost all patients with active rheumatic disease. Case histories, most 
of which arc repetitious; occupj’^ a large portion of the book. A concise article 
would cover the material of importance. 
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Die Histogenese ekto-meso-dermaler Mischgeschwulste. Ein Beitrag 
zuR Frage der Organisatorenwirkung (Spemann) beim patholo- 
GiscHEN Wachstum. Bj-- Prof. Dr. Paul ScHiiRMANN, Dr. Med. Hajsts 
Pfluger and Zahnarzt Dr. Wilhelm Norrenbrock. Price, 11.50 marks. 
Pp. 94, with 79 illustrations. Leipzig: Georg Thieme, 1931. 

This attractive monograph supports the thesis that odontomas of the hypophj'seal 
duct and mixed salivary tumors are primary epithelial tumors, the part taken in 
their growth by mesenchymal elements being secondary and determined by the 
organizing influence of the oral epithelium. The senior authors (Pfluger and 
Schiirmann) describe in detail two instances of complicated odontomas of the 
hypophyseal duct and discuss their morphologic and genetic relations to other 
tumors of the duct. Norrenbrock considers the histogenesis of mixed tumors of 
the parotid glands. Both parts have many and excellent illustrations. While the 
tumors under consideration are mixed in the descriptive sense, they are interpreted 
by the authors as being essentially and genetically epithelial. The complexity of 
their structure is ascribed to the many potentialities of the oral ectoderm. The 
mesenchymal elements are held to develop under and in resixinse to an organizing 
influence on the part of the epithelial cells, but just how this influence is brought 
into action is not explained. The morphologic descriptions are thorough and 
authoritative. 
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Die Lebensvorgange im nokmalen Knorpel und seine Wucherung bei 
Akromegalie. Von Professor Dr. J. Erdheim a.o. Professor an der Universitat 
Wien. Price, 18 marks ; bound, 19.60 marks. Pp. 160, with 31 illustrations. 
Berlin: Julius Springer, 1931. 

Leptospirosis in the Andamans with an Appendix on the Present 
Knowledge of Leptospiral Infections. By Lieut.-Col. J. Taylor, D.S.O., 
M.D., D.P.H., I.M.S., and Amar Nath Goyle, M.B., Ph.D. (from the Pasteur 
Institute of Burma, Rangoon), Indian Medical Research Memoirs no. 20. Price, 
6-0-0 rupees or 8 shillings. Pp. 190. Calcutta : Thacker, Spink & Company, 1931. 

The Renal Lesion in Bright’s Disease. By Thomas Addis, Professor of 
Medicine, Stanford University Medical School, San Francisco, and Jean Oliver, 
Professor of Pathology, The Long Island College of Medicine, Brooklyn; formerly 
Professor of Patholog}', Stanford Universil}'^, San Francisco. Price, §16. Pp. 650, 
with 181 illustrations (some in color), and large table. New York: Paul B. 
Hoeber, Inc., 1931. 

William Stewart Halsted, Surgeon. By W. G. MacCullum. Introduc- 
tion by Dr. W. H. Welch. Price, §2.75. Pp. 246. Baltimore : Johns Hopkins 
Press, 1931. 

Streptococcic Blood Stream Infections. By George E. Rockwell, 
A'l.A., M.D., Associate Professor of Bacteriology, College of Medicine, University 
of Cincinnati; Member of Senior Medical Staff, Bethesda Hospital; Assistant 
Director of Bacteriological Service, General Hospital of Cincinnati. Price, §1.75. 
Pp. 73. New York: The Afacmillan Compan}', 1931. 

Clinical Diagnosis by Laboratory Methods. By James Campbell Todd, 
Ph.B., M.D., Late Professor of Clinical Pathology, University of Colorado, School 
of Medicine; and Arthur Hawley Sanford, A.M., M.D., Professor of Clinical 
Patholog}^, University of Minnesota (Mayo Foundation) ; Head of Section on 
Clinical Laboratories, Mayo Clinic. Seventh Edition. Price, cloth, §6 net. 
Pp. 765, with 347 illustrations, 29 in color. Philadelphia : W. B. Saunders 
Company, 1931. 

Nutrition and Diet in Health and Disease. By James S. McLester, 
M.D., Professor of Medicine at the University of Alabama, Birmingham, Ala. 
Second Edition. Price, cloth, S8.50 net. Pp. 891. Philadelphia : W. B. Saunders 
Compan3^, 1931. 

Einfuhrung in die Medizin. Von Dr. Med. Henry E. Sigerist, Professor 
an der Universitat Leipzig. Price, 12.50 marks; bound, 14.00 marks. Pp. 405. 
Leipzig: Georg Thieme, 1931. 

Resistance to Infectious Diseases. An Exposition of the Biological 
Phenomena Underlying the Occurrence of Infection and the Recovery 
OF THE Animal Body from Infectious Disease, with a Consideration of 
the Principles Underlying Specific Diagnosis and Therapeutic Mea- 
sures. By Hans Zinsser, M.D., Professor of Bacteriology and Immunity, Medical 
School, Harvard University; formerly Professor of Bacteriology at the College 
of Physicians and Surgeons, Columbia University, and Bacteriologist to the 
Presbyterian Hospital, New York; formerly Professor of Bacteriology and 
Immunity, Stanford University. Fourth Edition. Price, §7. Pp. 651. New York: 
The Macmillan Company, '1931. 

Contribuicao ao estudo da biologia do strongyloides stercoralis a’ 

MARGEM DE UM CASO RARO, PROVAVELMENTE INEDITO, DE ESTRONGYLOIDOSE. 

By Heitor Praguer Froes. Pp. 123, with 21 figures. Bahia: 1930. 
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REACTIONS OF THE BONE MARROW IN 
EXPERIMENTALLY INDUCED 
THROMBOCYTOSIS * 

FRANCIS D. GUNN, Y.D. 

CllICAfiO 

I. REVIEW OF PREVIOUS WORK AND ANALYSIS OF THE 
PROBLEM OF THE ORIGIN OF BLOOD PLATELETS 

Since Wright’s^ theory of the origin of blood platelets from mega- 
karyocytes was first proposed in 1906, it has been the subject of a lively 
dispute. Although the theor}' is now widely accepted, apparently valid 
and reasonable evidence against it continues to be ])roduced. Moreover, 
much of the experimental work in support of tlie theory is subject to 
one serious criticism, namely,' that the studies of the bone marrow after 
experimental alteration of the platelet level were inadequate. I have 
therefore undertaken an investigation of the bone marrow in certain 
cases of thrombocytosis. 

In order to avoid the errors that appear in much of the previous 
work, an analysis has been made of the evidence presented on both sides 
of the question and of the methods of other investigators. This includes, 
first, observations on the bone marrow in certain clinical conditions; 
second, observations on tlie blood and the endothelium in clinical and 
experimental thrombocytosis and thrombopenia ; third, a summary of 
important experimental investigations, and fourth, a resume of the 
observations of other authors on the variable appearances of the mega- 
karA'Ocyte in normal and pathologic states. The criticisms arising from 
this anal 3 ’^sis led to a consideration of the ideal method of approach to 
any investigation of Wright’s theor}". 

BONE MARROW IN CERTAIN CLINICAL CONDITIONS 

Clinical observations bearing on Wright’s theory include, first, those 
of Wright himself," who pointed out that both the number of circulating 
platelets and the number of megakaryocytes in the bone marrow are 
reduced ih pernicious anemia and in lymphatic leukemia, and that both 
are increased in other anemias and in myelogenous leukemia. Selling, ' 

Submitted for publication, Jan. 15, 1931. 

- -From the Department of Pathology, Northwestern University Medical 
School. 
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in cases of purpura due to benzol poisoning, found a great reduction of 
platelets and an absence of megakaryocytes in the aplastic bone marrow 
at autopsy. Ogata * in a case of myeloid leukemia with increased plate- 
lets found myeloid metaplasia of the kidney and liver and megakaryo- 
cytes present in numbers in these locations. Katsunuma “ stated that 
increase or decrease of platelets and increase or decrease of megakar}'0- 
cytes always go hand in hand. D3^ke ° corroborated Wright’s observa- 
tions on the platelet count and on the bone marrow in leukemias. 

Not all of the evidence has been so decisive, however, for Bunting ‘ 
reported definite increase in megakaryocytes in Hodgkin’s disease, but no 
correlation between this increase and the platelet count, which was found 
to be variable. It should be noted that some of the megakaryocytes 
showed pyknosis and karyolysis, and may have been incapable of func- 
tioning in their platelet-forming capacit3\ This subject will be discussed 
later. Dyke, also, found that the megakar3mc3i;es showed no constant 
changes in number in cases of purpura, one group of cases showing 
megakaryocytes present in normal and excessive numbers, and another 
showing an aplastic bone marrow with no megakar3^ocytes. Again it 
should be noted that in those cases in which niegakar3mcytes were 
numerous, they were abnormal, showing no cytoplasmic granules. 
Although he reported no platelet counts in these cases, it is now well 
known, since the appearence of Duke’s work,^ that the number of plate- 
lets is usually reduced in cases of purpura. 

FORMATION OF PLATELETS OUTSIDE OF BONE MARROW 

Further evidence in favor of Wright’s theor3^ has been adduced from 
such observations as the appearance of megakar3mc3Tes in their entiret3', 
or of large fragments of their cytoplasm, in the blood stream in certain 
cases of clinical and experimental thrombocytosis. Di Guglielmo ^ 
stressed this in cases of leukemia and cited a number of previous authors 
who had made the same observation ; he found, also, certain indications 
of the formation of platelets in these cells. During exacerbations in 
cases of leukemia, Minot found showers both of entire megakar3m- 
cytes and of large fragments of C3doplasm in the blood stream ; at 
autopsy the capillaries of the lungs were crowded with these same struc- 
tures, and an increase in platelets usually accompanied their appearance. 
Similar changes have been noted in experimental conditions. For 

4. Ogata, S. : Beitr. z. path. Anat. u. z. allg. Path. 52:192, 1912. 

5. Katsunuma, S. : Folia haemat. 32:29, 1925. 

6. Dyke, S. C. : Lancet 2:714, 1924. 

7. Bunting, C. H. ; Bull. Johns Hopkins Hosp. 22:114, 1911. 

8. Duke, W. W. ; The Pathogenesis of Purpura Hemorrhagica, with Especial 
Reference to the Part Played by Blood Platelets, Arch. Int. Med. 10:445, 1912. 

9. di Guglielmo, G. : Haematologica 1:303, 1920. 

10. Minot, G. R.: J. Exper. Med. 36:1, 1922. 
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example, Seeliger “ found in the blood stream after the injection of 
peptone, not only large masses of the cytoplasm of megakaryocytes, in 
many of which the granules were clumped into small groups prepara- 
tory to the fragmentation of the cytoplasmic mass into platelets, but 
also chains of platelets (“Pcrlenketten”), complete except for the final 
separation of the intervening fine c3’to2)lasmic thread. Sabin had the 
good fortune to capture a mcgakaryocjde in a prej^aration of myelogen- 
ous leukemic blood in the warm stage, and observed it fragmenting 
into i^ieces that resembled in ever}' detail normal jdatelets. Bunting 
noted the common occurrence of large fragments of megakaryocytes 
and the great variation in the size of platelets in cases of Hodgkin’s 
disease, in which, as has been stated, the count of megakaryocytes was 
always increased, although the platelet count tended at first to be high 
and subsequently low. He found, also, naked nuclei of megakaryocytes 
in the lung. Katsunuma ^ stated that emboli consisting of the nuclei 
of megakaryoc3'tes always accompany an increase in platelets. Firket 
and Campos found such emboli after experimental saponin poisoning 
in rabbits. 

It may, perhaps, be worthy of note that a number of authors have 
suggested that some other cell than the megakaryocyte is capable of 
taking over the platelet-forming function when the megakaryocyte is 
rendered incapable, or when the demand for platelets is great. In a 
case of influenza with low platelet count and inhibition of the activity 
of the bone marrow due to toxic damage. Bunting^® found every large 
lymphocyte in the smear showing azurophil granules grouped at the 
periphery and forming single platelets. Brown,’® in experimental throm- 
bopenia produced by the injection of alkaline hematin in rabbits, 
found platelets budding from hypertrophied endothelial cells and from 
mononuclear cells in the bone marrow and circulating blood. Cramer 
and Drew observed platelets budding from endothelial cells in sub- 
cutaneous lymph nodes. Ferrata and Rinaldi found platelets budding 
from monbeytoid cells which they believed to be yOung megakaryoc3d;es. 

EXPERIMENTAL INVESTIGATION OF WRIGHt’s THEORY 

The investigation of the validity of Wright’s theory has not, how- 
ever, been content to rest on more or less isolated clinical observations. 

11. Seeliger, S. : Folia liaemat. 29:23, 1923. 

12. Sabin, F. R. : Bull. Johns Hopkins Hosp. 34:277, 1923. 

13. Bunting, C. H. : (a) Footnote 7; (b) J. Exper. Med. 11:541, 1909. • 

14. Firket, J., and Campos, E. S. : Bull. Johns Hopkins Hosp. 33:271, 1922. 

15. Bunting, C. H. : Bull. Johns Hopkins Hosp. 31:439, 1920. 

16. Brown, W. H. : J. Exper. Med. 18:278, 1913. 

17. Cramer, W., and Drew, A. H. : Brit. J. Exper. Path. 4:271, 1923. 

18. Ferrata and Rinaldi: Folia med. 1:815, 839, 863 and 891, 1915. 
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An enormous amount of experimental work has been done. The usual 
method of approach has been the use of some experimental agent that 
reduces the number of circulating platelets, combined with a correlated 
stud}'^, more or less adequate, of megakar^mcytes in the bone marrow. 
Such studies were made either during the time of reduction of the 
number of platelets or during the period of return to normal or during 
the compensatory increase that usually follows. Some of the more 
important investigations, most of them, though not all, corroborating 
Wright’s theory, will be briefly presented in chronological order. 

In 1909, three years after Wright’s first publication. Bunting^®'’ 
undertook to show that changes in the number of platelets are not 
immediately correlated with changes in the number of any other of the 
circulating elements; i. e., that platelets are not dependent for tliqir 
origin on the circulating cells, but arise in the bone marrow from 
megakaryocytes. Bleeding of rabbits caused a fall in the red cells and 
platelets, but the platelets I'eturned to normal before the red cells recov- 
ered. After injections of saponin, likewise, the platelets rose above 
normal long before the red cells recovered. Sterile inflammation 
induced by the subcutaneous injection of croton oil and turpentine and 
the intraperitoneal injection of aleuronat produced both thrombopenia 
and leukopenia, but the platelets exhibited both a compensatory increase 
and a return to normal while the leukocytes were still rising. These 
experiments showed the independence of platelets both from erythro- 
cytes and from leukocytes. Bunting then counted the megakaryocytes 
of the bone marrow of the experimental and normal rabbits and found 
that when the number of platelets was for any reason increased above 
normal, the number of megakaryocytes was increased above 20 per 
square millimeter (the average normal), and conversely, when platelets 
were reduced, megakaryocytes, also, were reduced. 

Ogata ^ (1912) found in rabbits that after bleeding the increase of 
platelets was accompanied by an increase of megakaryocytes of 100 per 
cent (140 per visual field, as compared with a normal of 70). that 
Wright’s figures were increased in number, and that “Felderung,” or 
the grouping of granules supposed to be preparatory to the breaking up 
of the pseudopods into platelets, and the pinching off of platelets singly 
were more frequently seen. Similar pictures were seen after the intra- 
venous injection of staphylococcus cultures into rabbits. 

Duke^® (1912 and 1913), in an experimental study of purpura, 
produced variations in the platelet level in rabbits by the injection of 
diphtheria toxin, benzol and tuberculin, all toxic to bone marrow. By 
grading the dosages of the first two, more toxic, substances, he was 

19. Duke, W. W. : (a) Footnote 8; (&) Causes of Variation in the Platelet 

Count, Arch. Int. Med. 11:100, 1913. 



GUNN— BONE MARROW IN THROMBOCYTOSIS ' 157 


able to produce stimulation of the bone marrow with an increase in 
platelets, or destruction of the marrow with a decrease in platelets and 
the occurrence of purpura; in the latter case the megakaryocytes were 
almost completely absent. 

Brown’" (1913) found that alkaline hematin was highly toxic to 
both platelets and megakaryocytes. His finding of platelets arising from 
cells other than the megakaryocyte in this condition has already been 
mentioned. 

A most ingenious method for the removal of platelets from the 
blood stream was devised by Ledingham "" (1914 and 1915) and was 
used b}' him to produce e.xperimcntal purpura. This work was ampli- 
fied by Bedson (1921 and 1923). An antiplatelet serum was produced 
in rabbits by injecting the platelets of guinea-pigs, and this proved to 
be highly destructive to j)latclets when reinjected into the guinea-])ig. 
Bedson, who at one time (1923)-- inclined to the older view that plate- 
lets are not formed froni megakaryocytes, but are an independent genetic 
line, at first nucleated like the thrombocytes of lower forms, but losing 
their nuclei after the manner of mammalian red cells, undertook to 
discover (1925)--'’ in which tissues or organs in the body platelets arise. 
Using as antigens l\’mph node, bone marrow, endothelial cells (large 
mononuclear cells obtained by inducing peritoneal exudate with old 
tuberculin and supposed to rejiresent the reticulo-endothelial systein), 
spleen and a quantity of blood equal to that contained in the spleen, he 
prepared antiserums from these antigens in the same manner as he 
prepared his antiplatclet serum. Of these, the serums ])rei)ared against 
bone marrow and spleen were highly specific against jdatelets. Since he 
had previously shown (1924)-' that the spleen stores and destroys plate- 
lets, he reasoned that the specificity of the antispleen serum was due to 
the spleen’s content of stored platelets. Therefore, the bone marrow 
produces platelets, being the only tissue other than the spleen in which 
they or their parent tissues are present in sufficient concentration to 
stimulate the formation of antiplatelct antibody when the tissue is used 
as an antigen. This conclusion led him to the investigation of the mega- 
karyocytes. He found an increase in the number of megakaryocytes 
after the destruction of platelets by antiplatelet serum, and so was led 
rather reluctantly to an acceptance of Wright’s theor 3 ^ 

Ferrata and Rinaldi’" (1915) in a study concerned, chiefly, with 
the origin and form of the megakaryocyte, induced augmentation of the 

20. Ledingham, J. C. G.: Lancet 1:1673, 1914. Ledingliam, J. C. G., and 
Bedson, S. P. : Lancet 1:311, 1915. 
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22. Bedson, S. P. : J. Path. & Bact. 26:145, 1923. 

23. Bedson, S. P., and Johnston, M. E. : J. Path. & Bact. 28:101, 19'>5 

24. Bedson, S. P.: Lancet 2:1117, 1924. 
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number of platelets by the use of pyrodine, pyrodine combined with 
bleeding, and lead, in the rabbit, dog, guinea-pig and mouse, and found 
increased numbers of megakaryocytes in the marrows of these animals. 

Firket and Campos (1922), using methods similar to those of 
Foa,^® Bunting and Isaac and M6ckel,”° investigated the action of 
saponin on blood platelets, first, by allowing it to come in contact with 
platelets in vitro, and second by simultaneous counts from a vein of 
the ear, the splenic vein and the portal vein after injecting it into rabbits, 
proving that platelets are actually destroyed by the toxin. Saponin is 
toxic also to the bone marrow, producing hemorrhages and focal 
necrosis. This destruction is accompanied by m3’^eloid metaplasia of the 
spleen and liver where megakar3'OC}d;es appear in large numbers and 
Wright’s figures are conspicuous. 

Fabricius-Mdller (1922) found that massive doses of x-rays pro- 
duced a diminution in the number of platelets in guinea-pigs, and when 
the dosage was sufficient, irradiation was followed b)^ a hemorrhagic 
diathesis and even by death. He observed disintegration of the mega- 
karyocytes previous to the reduction in the number of circulating 
platelets. 

Seeliger^^ (1923) used injections of peptone to produce thrombo- 
penia. Studies of the bone marrow showed increased numbers of active 
megakaryocytes. The signs of platelet-forming activity in megakaryo- 
cytes he described as (1) the presence of abundant azurophil granules 
in the cytoplasm, (2) the grouping of these granules (“Felderung”), 
(3) the formation of pseudopods and (4) the grouping of the granules 
in the pseudopods in such a way as to form chains of platelets 
( “Perlenketten” ) . 

In a series of experiments on the effects of benzol on hematopoiesis 
in rabbits, Weiskotten, Wyatt and Gibbs (1924) observed an initial 
rise in the platelet count, then a fall during the stage of degeneration of 
the bone marrow, and finally an increase, at which enormous numbers 
of megakaryocytes appeared in the regenerative marrow. 

Cramer and Drew (1923) found platelets reduced in rats suffering 
from a deficiency of vitamin A and recovery of the normal number as 
the animals recovered from their deficienc}'- disease under the influence 
of cod liver oil. They reported that there was no evidence of mega- 
karyocytes participating in this increase, but stated that platelets were 
found budding from endothelial cells in the subcutaneous lymph nodes. 

25. Foa, cited by Firket and Campos (footnote 14). 
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A rather extensive investigation of Wright's theory was reported by 
Petri (1925 and 1926). Pie first established the normal platelet count 
and the limits of its variation in a scries of rabbits and made careful 
counts of the megakaryocytes in these animals ; in addition, a differential 
study of the megakaryocytes established the ratio between granular and 
nongranular cells and the number of Wright’s figures. He then used 
a number of the experimental agents reported on by other authors to 
produce variations in the platelet count. Finally, he devised a method 
of his own. called by him “ideal blood platelet bleeding,” consisting of 
the removal of a relatively large quantity of blood, its fractional cen- 
trifugation to remove platelets and the return of all the blood constitu- 
ents except the ])latelets, plus, necessarily, the citrate required to prevent 
coagulation during this j)rocedurc. Saponin reduced the numbers of 
platelets and megakaryocytes, as had been reported previoush% but when 
the platelet level returned to normal the megakaryocytes not only 
remained low. but were further reduced. Large hemorrhages reduced 
the platelet count; frequently repeated small hemorrhages increased the 
count, but the megakaryocytes were found at a low normal and Wright’s 
figures were reduced. After administration of peptone, there was only 
a temporary fall in platelets, which returned to normal in twenty-four 
hours, and no change in megakaryocytes. Pyrodine failed to produce 
any change in the number of platelets or in that of megakaryocytes, and 
asph}’xia, previously used by Bianchini and collaborators, and sup- 
posed to produce both increase in circulating platelets and the appearance 
of numbers of megakaryocytes in the spleen of young kittens, failed in 
Petri’s hands to do either. The gist of this portion of Petri’s work is, 
first, his negative results after the use of some of the experimental 
agents previously reported on and second, and chiefly, the absence of 
any correlation between changes in the platelet level and in the mega- 
karyoc 3 ^te count. 

Petri’s blood platelet bleeding, Avhile theoretically “ideal,” presented 
certain insurmountable practical difficulties. Theoretically'-, the method 
should have succeeded in removing only the platelets from the blood with- 
out affecting the other elements, but an immediate, progressive and pro- 
found anemia always developed in the animals and they died after the 
sixth bleeding. Experiments on the reinjection of different parts of the 
blood, with and without citrate, convinced him that the fatal outcome 
was due to the reinjection of plasma, but the reason for this' remained 
undetermined. “Ideal blood platelet bleeding” did produce great fluctua- 
tions in the platelet count, with a tendency to early fall and subsequent 
recovery; even this, however, was not constant, as one animal showed 

29. Petri, S. : Acta path, et microbiol. Scandinav. 2:23 97 V7 and 357 1975- 

3:432, 1926. ’ - - . 
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a primary rise. Megakaryocytes were either high, low or normal, and 
showed no correlation with the platelet count. He did, however, report 
a conspicuous increase in phenomena of degeneration in the mega- 
karyocytes and the presence of leukocytes within their cytoplasm; these 
seemed sometimes to be phagocytosed by a healthy megakaryocyte, and 
sometimes to be invading a damaged megakaryocyte. Since blood 
platelet bleeding failed to produce a constant progressive change in either 
direction in the platelet count, no constant change in megakaryocyte 
count should have been anticipated. It is, moreover, unfortunate that 
Petri did not kill his animals when the maximum change in platelet 
number in any case had been obtained. For example, the megakaryo- 
cytes could hardly be expected to reflect changes in the number of 
platelets sixteen days after the last blood platelet bleeding and eleven 
days after the platelets had recovered, from a primary fall, to normal 
levels. Since, however, Petri alone, among all investigators of Wright’s 
theory, reported in detail dift'erential counts of megakaryoc3'’tes on all of 
his experimental animals, his results cannot be disregarded. 

Petri gaA^e additional reasons for his opposition to Wright’s theory. 
First, he denied any similarity between the cytoplasm of megakar3^ocytes 
and platelets in fixed material, either in tissues or in coagulated blood in 
doubly ligated blood vessels, although he attempted to follow exactly 
Wright’s technic for the preparation of sections. Second, he studied 
carefull3'- in serial sections thirt3^ megakaryoc3'tes exhibiting Wright’s 
figures, and always found the pseudopods attached to the main cyto- 
plasmic mass. This proved, he maintained, that pseudopods are never 
broken away from the megakar3'Ocyte to form platelets. Third, since 
he saw large, full3’’ granulated megakaryoc3hes showing signs of degen- 
eration — namel3% pyknotic nuclei, chromatin inclusions and vacuoles — 
he reasoned that the megakaiyoc3^te therefore passes through stages of 
degeneration normal to any cell and not a special t3^pe of degeneration in 
which the c3i;oplasm is broken up into platelets. Fourth, he considered 
“Felderung” to be due to chemical, toxic or postmortem degeneration, to 
obliquity of the section or, in smear preparations, to bursting of the cell 
and rubbing together of the granules. 

Although there ma3" be other grounds for objection to Wright’s 
theory, these ofifered b3^ Petri are scarcely valid. In the first place, the 
similarit3’- between the C3hoplasm of megakaryoc3'^tes and platelets in 
sections can be repeatedl3^ demonstrated b3'' proper technic. Secondl3^ 
formation of pseudopods is regarded as onl3" a preliminary step to 
fragmentation, and although large masses of c3qoplasm do appear in 
the blood stream under conditions of abnormall3'^ rapid formation of 
platelets, they are supposed usuall3’^ to fragment without preliminary 
detachment. Third, the occurrence of (toxic?) degeneration in an3'- 
form of parent blood cell hardly proves that that cell might not, under 
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normal conditions, have passed through a different cycle to a different 
termination. “Felderung” remains a matter of opinion in the interpreta- 
tion of undeniable, definite changes. 

I50XE MARROW WITH SPECIAL REGARD TO JIEGAKARYOCYTES 

It will be apparent from the above resume of previous experimental 
work that any serious investigation concerned with Wright’s theory must 
include not merely cursory observation, but very jiainstaking study of 
the bone marrow of the experimental animals. Ogata long ago noted 
that the intensity of hematopoiesis varies greatly in animals of different 
ages, and that it is therefore necessary to use animals of the same age 
in any numerical study of the megakar3'ocytes. Sections must be selected 
from different levels in the marrow of the long bones, to determine 
whether or not hematopoiesis has been stimulated in areas of fatty 
marrow, where normally it is quiescent, and. as Ogata emphasized, in 
any comparison between different animals sections from the same level 
must be used. 

The factor, however, that renders a numerical study of the mega- 
karocytes most difficult and most liable to fallacy is the complexity of 
forms assumed by this cell. Fir.st, there are the forms appearing during 
the course of normal development, maturation and functional activity. 
Wright pointed out the embryonic precursor of the megakaryocyte, 
and Ogata ^ and Downey amplified his description of the mega- 
kar\'ocyte in functional activity, while Ferrata and Rinaldi described 
the origin and earlier stages of development in detail. From the hemo- 
cytoblast (large lymphocyte of Maximow?) and the hemohistioblast 
(resting wandering cell?) in the embr3'0, but chien3’’ from the hemoc3'to- 
blast in the adult, the “megakar3'oblast,” with intensel3' basophil 03^0* 
plasm free from granules, develops Iw simple h3^pertroph3^ Coincident 
with increase in size of the cell, the nucleus divides mitotically or amito- 
ticall3’- and a coarse net of chromatin is formed within it. The cell is 
now a “l3anphoid megakaryocyte.” Azurophil granules accumulate, at 
first in the perinuclear zone, later filling the entire C3'toplasm. The cell 
is now, according to Ferrata and Rinaldi, a “mature megakaryocyte,” 
The appearance of pseudopods, which, according to Wright, project into 
the lumina of sinusoids (Wright’s figures), the grouping of granules 
into smaller and smaller masses as first described by Wright and later 
by Ogata‘S and Downey,-'*’ the fragmentation of pseudopods into plate- 
lets, either before or after the pseudopod has broken away from its 
parent cell, all indicate the maturity and functional activity of the mega- 
karyocyte. The “naked nucleus” so often observed must obviously be 
interpreted as the end-result of loss of cytoplasm by the formation and 
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separation of pseuclopods. In times of rapid regeneration of platelets, 
these processes may be telescoped — the formation of platelets from 
megakaryoblasts and the appearance in the blood stream of niegakaryo- 
cytic pseudopods not yet showing “Felderung” have been mentioned. 

Many authors have noted, in pathologic conditions, an increase in 
the number of either young or degenerating forms of the megakaryocyte, 
i. e., in forms which deviate from the classic description of the adult 
megakaryocyte given by Schridde ““ and by Wright.- Ferrata and 
Rinaldi found that megakaryoblasts were increased in the marrow of 
their experimental animals. Bedson and Johnston reported an increase 
in lymphoid and immature megakaiyocytes after the use of antiplatelet 
serum. Bunting observed that 3'oung megakaryocytes with merely 
bilobed nuclei were numerous in marrows in which active regeneration 
of megakaryocytes was taking place, and that during rapid formation 
of platelets 50 per cent of these cells had little or no cytoplasm. 
Klaschen,®^ although he reported no platelet counts, studied the mega- 
karyocytes in the spleen of the mouse after the injection of caseosan, 
and found (1) lymphoid, nongranular premegakaryocytes with large 
vesicular nuclei, (2) young, small megakaryocytes, round or irregular, 
with basophil cytoplasm and a minimum of granules, these cells being 
often arranged in groups as though syncytial, and (3) large, typical, 
mature megakaryocytes undergoing fragmentation. Firket reported 
that when rabbits had a low platelet count (from 159,000 to 267,000) 
at the time of death, eight days after the last injection of saponin, the 
megakaryocytes, though numerous, were in the lymphoid stage, while 
in an animal that had received less saponin and had 474,000 platelets, 
72.5 per cent of the megakaryocytes were granular. Dyke’s observation 
that a high count of nongranular megakarjmcytes may be present in 
purpura has been noted. Caspar made an observation that clarifies 
considerably the whole subject of the relation of platelets to mega- 
karyocytes. He studied cases of pernicious anemia, aplastic anemia and 
purpura with low platelet counts, and found that the platelet number 
could be correlated only with the number of functional megakar3mcytes 
and not with the total number. He classed as nonfunctional ( 1 ) young 
megakaryocytes with granules only in the central part of the cell and 
without pseudopods and (2) damaged megakaryocytes showing a 
pyknotic nucleus and loss of staining power of the granules, the nuclear 
pi'eceeding the cytoplasmic damage. 

This leads to the second factor that may render a numerical corre- 
lation between megakar3'-oc3'^tes and platelets more complex, naniel3'-, the 
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appearance of phenomena of degeneration in megakar3'ocytes. These 
phenomena have been repeatedly noted by many workers, and their 
occurrence is usually regarded as evidence of loss of function on the 
part of the megakarA'oeyte. 

Third, no departure from the classic description of the megakaryo- 
cyte is more conspicuous and no phenomenon is more difficult to reconcile 
with Wright’s theorv than the inclusion of the other blood cells within 
the cytoplasm of the megakaryocyte. Three hypotheses in .explanation 
of this are possible : 

1. The included cells merely lie accidentally within lacunae in the cytoplasm 
of an irrcgularlj’’ shaped megakaryocyte ; this seems most plausible when only one 
or a few cells are found at or near the periphery, especially when both megakaryo- 
cyte and included cells seem normal and a narrow clear space (attributed by 
Seeliger to shrinkage of both cytoplasms) appears around the included cell. Tlic 
appearance of a complete ring of megakaryocyte cytoplasm around the blood cell 
might then be accounted for by the plane of section. This hypothesis, however, 
becomes untenable when the cytoplasm of the megakaryocyte is riddled with blood 
cells. 

2. The megakaryocyte phagocytoses the blood cells. This theory seems most 
plausible if the megakaryocyte is normal, if the included cells arc definitely dam- 
aged, and if erythrocytes, which arc nonameboid, are included. 

3. The megakaryocyte is being invaded by phagocytic leukocytes, a tiieory 
that is rendered almost necessary if the megakaryocyte shows pkynosis of 
its nucleus and disintegration of its cytoplasm while the included cells appear 
normal, and that is further strengthened if it can be shown that erythrocytes arc 
never found in the depth of the cytoplasm. 

Woodcock believed that the megakarj'oc^les phagocytose and 
digest erythrocytes and manufacture platelets out of the iJabulum. See- 
liger found erythrocytes, leukocytes and lymphocytes included within 
the endoplasm of mature megakar^'oeytes showing “Felderung” at the 
periphery; the signs of degeneration and digestion appearing in the 
included cells, which he described in detail, convinced him that it was 
actually phagocytosis on the part of the megakarj'ocyte. Petri’s observa- 
tion of the same phenomenon has been mentioned ; the inclusions con- 
sisted of granulocytes, er)dhrocytes and “homogeneous platelets.” Some 
observations of my own on the subject of the inclusion of blood cells 
within the cytoplasm of megakaryocytes will be given later. Phagocy- 
tosis of bacteria by megakaryocytes was reported by Katzenstein.®" 

The foregoing detailed descriptions of the megakaryocyte have been 
reviewed at such length because of its outstanding importance in the 
interpretation of results in experiments of this nature. Wright’s theory 
rests fundamentally on the demonstration of a correlation between 
changes in the number of circulating blood platelets and changes in the 
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number, or in the evidence of platelet-forming activity, of megakaryo- 
cytes. In order to determine when a megakaryocyte shows evidence of 
platelet-forming activity, all the other phenomena exhibited by mega- 
karyocytes must be properly interpreted. For example, is the 
megakaryocyte phagocytic? Or do leukocytes remove damaged mega- 
karyocytes? Is there an increase in damaged megakaryocytes during 
or following an increase in platelets? Does the presence of a pyknotic 
nucleus signify that platelet-forming activity has been or will soon be 
arrested? If phagocytosis is an accessory function of the megakarocyte, 
what are the conditions that cause it to assume this function? Can a 
megakaryocyte phagocytose blood cells or other material and at the same 
time form platelets? Or does phagocytosis, assuming that it occurs, 
interfere with the platelet-forming function ? Until such questions can 
be satisfactoril)^ answered, that exact correlation between platelets and 
megakaryocytes on which W right’s theor}'^ depends cannot be established 
beyond doubt. 

With regard to the study of numerical changes in megakaryocytes, 
only Bunting,^®’’ Ogata,^ Firket and Petri reported actual counts of 
megakaryocytes on some or all of their animals, and d)nly Petri included 
differential counts, although other writers stated that such enumerations 
had been made. The failure to report both total and differential counts 
of the megakaryocytes constitutes a serious omission from any study 
concerned with Wright’s theory. 

IDEAL APPROACH TO PROBLEM OF ORIGIN OF PLATELETS 

Experimental work that purposes to deal with the problem of the 
origin of platelets should therefore avoid certain errors inherent in much 
of the older work and should attempt to fulfil certain ideal requirements. 
The first requisite is a proper experimental agent. Practically all of 
the agents thus far mentioned have augmented the production of plate- 
lets only secondarily; i. e., as a compensation to the primary removal or 
destruction produced by the expei-imental method or agent. This mode 
of action is not in itself objectionable, but chemical agents acting in this 
way are invariably more or less toxic. Toxicity likewise need not be 
objectionable since the dosage of toxic substances, at least theoreticall3^ 
could be graded to produce a stimulating effect with a primary increase 
in the number of platelets. Toxic agents,, however, have acted on all 
the blood elements, thus complicating the picture of the bone marrow by 
affecting all types of hematopoiesis. The same objection applies to 
bleeding as an experimental method. In larger doses the toxic agents 
have damaged or destroyed megakaryocytes, as well as platelets, and 
have even produced generalized destruction of the bone marrow. It is 
clear that a damaged bone marrow cannot react in a normal fashion. 
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The ideal agent, therefore, should produce an isolated effect on platelets, 
preferably a primary rather than a compensatory increase, and should 
be relatively nontoxic. Petri, by means of his ideal blood platelet bleed- 
ing and Bedson by his antiplatelet serum, attempted, but failed, to 
devise an agent acting on blood platelets alone. Blood platelet bleeding 
produced profound anemia in a very short time, and the antiplatelet 
serum, though carefully absorbed out with other antigens, was likewise 
attended by an untoward effect (not due to agglutination) on the red 
cells. 

As a second requirement for adequately controlled experimental 
work on the origin of platelets, the studies of tissues must take cog- 
nizance not merely of numerical changes in the megakaryocytes, but of 
the character of these cells, whether young, mature or defunct, and of 
the occurrence of degenerative phenomena and cell inclusions. Third, 
the tissues must be taken for study at different stages during the' rise 
and fall of the number of platelets to ascertain whether there is any 
correlated change in functional megakaryocytes. Fourth, the animals 
should be approximately of the same age and the sections for compara- 
tive studies taken from the same levels of the bone marrow. Finally, 
certain precautions, which will be described in part II under the heading 
“Material and Methods,” must be observed in the technic of counting 
platelets and in the handling of tissues. 

In the experiments that form the basis of parts II and III of this 
paper two different methods have been used in attempts to increase the 
blood platelets selectively, namely, irradiation with ultraviolet light and 
infection with a specific bacterium. The use of certain operative pro- 
cedures, including splenectomy, will be reported in a later publication. 
None of these meets all of the requirements for an “ideal agent,” but 
each is sufficiently selective to justify its use in experiments of this 
kind. The nature of the action and the degree of selectivity in each 
case will be discussed subsequently. 

II. EXPERIMENTS WITH ULTRAVIOLET LIGHT 

As was stated in part I, experiments were undertaken which had 
for their purpose the induction of throinbocjTosis and the study of the 
correlated changes in the bone marrow. It was hoped that these studies 
might contribute to the solution of the problem of the origin of blood 
platelets. 

In the first group of experiments ultrayiolet light was used to induce 
thrombocytosis. The fact that ultraviolet light has such an influence 
on the level of platelets had been previously observed. Cramer and 
Drew showed that thrombopenia developing when rats were reared 
in darkness on a diet deficient in vitamin A could be overcome bv ex- 



166 


ARCHIVES OF PATHOLOGY 


posure to ultraviolet light. Laurens and Sooy (1924) were able to 
produce an increase in blood platelets in the rat by use of the same 
agent. Sooy and Moise (1926) treated patients for purpura 

hemorrhagica with the quartz lamp, and found that the increased number 
of platelets so obtained was accompanied by clinical improvement. 
Sanford^® (1927) found that, besides inducing other changes in the 
blood, ultraviolet light raises the platelet count in new-born infants. 
Preliminar}'- experiments on the effect of ultraviolet light on the blood 
platelets of rabbits have been reported by myself (1926), and similar 
experiments in greater detail have been reported by Hardy (1927) 
and by Vannfalt (1929). Similar results were obtained with dogs 
by Miles and Laurens (1926) and Mayerson and Laurens (1928) ; 
irradiation by means of the carbon arc was used in their experiments. 

AIATERIAL AND METHODS 

Two groups of rabbits were used for the experiments, seven normal animals 
and seven subjected to irradiation from the mercury vapor quartz lamp. Daily 
blood counts were made on each animal throughout the course of an experiment, 
and an additional count was made on the last day just before the animal was 
killed. Blood samples for the counts were taken from the marginal vein of the 
ear in every case. Erythrocyte and leukocyte counts were made in the usual 
manner, the same pipets being used for all counts. Enumeration of blood plate- 
lets was accomplished by an indirect method similar to that of Fonio.'*® The ratio 
of platelets to erythrocytes was determined bj’’ counts made on dried, stained 
films and the number of platelets calculated from the previously determined ery- 
throcyte count. The films were made from a freely flowing drop of blood obtained 
by puncturing a vein of the ear through a drop of isotonic anticoagulant fluid. 
The method has been described in detail (Gunn,-*! Gunn and Vaughan 4"). This 
method has been criticized by some authors, but I have found it to yield more 
uniform results than any other method employed, and it continues after long use 
to be satisfactory. 

The animals were killed by a blow on the back of the head. Bone marrow 
and other tissues were removed with dispatch and immediately fixed while still 
warm in Zenker’s fluid plus solution of formaldehyde and Muller’s solution plus 


38. Laurens, H., and Sooy, J. W. : Proc. Soc. Exper. Biol. & Med. 22:114, 
1924. 

39. Sooy, J. W., and Moise, T. S. : Treatment of Idiopathic Purpura Hemor- 
rhagica by Exposure to Mercury Vapor Quartz Lamp ; Preliminary Report, J. A. 
M. A. 87:94, 1926. 

40. Sanford, H. N. : Effect of Ultraviolet Light on the Blood of New-Born 
Infants, Am. J. Dis. Child. 33:50, 1927. 

41. Gunn, F. D. : Proc. Soc. Exper. Biol. & Med. 24:120, 1926. 

42. Hardy, M. : Am. J. Hyg. 7:811, 1927. 

43. Vannfalt, K. A.: Compt. rend. Soc. d. biol. 101:607, 1929. 

44. Miles, A. L., and Laurens, H. : Am. J. Physiol. 75:462, 1926. 

45. Mayerson, H. S., and Laurens, H. : Am. J. Physiol. 86:1, 1928. 

46. Fonio, A.: Cor.-Bl. f. schweiz. Aerzte 45:1505, 1915. 

47. Gunn, F. D., and Vaughan, S. L. : Anat. Rec. 45:59, 1930. 
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solution of fornialdehydc. Disks about 3 nim. in tliickness were cut with a jew- 
eler’s saw from the tibia and femur at different levels — (1) just below the 
trochanter. (2) through the middle, (3) just above the epicondyles of the femur 
and (4) from the upper end of the tibia. The lower part of the tibia was then 
cracked open and the marrow examined to ascertain the level of the line of 
demarcation between red and fatty marrow. Normally, in animals of the size 
and age used, this line is located at about the middle of the tibia; the marrow of 
the femur is red throughout. When the marrow is actively hyperplastic, the red 
marrow extends farther distally in the tibia, sometimes throughout its whole 
length. 

The tissues in Zenker's fluid plus solution of formaldehyde were allowed to fix 
for from six to seven hours ; those in Muller’s solution plus solution of formalde- 
hyde for from twenty to twenty-four hours. At this time the marrow was removed 
from the bony rings after first being loosened from the bone with a thin pointed 
blade. All tissues were washed in running water for twenty-four hours. To 
prevent shrinkage of the tissues the following precautions were observed : Dehy- 
dration in the higher alcohols was permitted only for minimum periods ; chloro- 
form was used for clearing; the period of infiltration in pure paraffin at 56 C. was 
two hours. 

Sections were cut at 5 microns. Two principal stains were used, Giemsa’s on 
the material fi.xed in Zenker’s fluid and Wright’s tissue stain, prepared as described 
b\’ him, on the material fixed in Muller’s solution. Giemsa’s stain docs not stain the 
platelets clearly in sections and docs not give a brilliant stain on tbc granules of 
the megakaryocytes, but is more satisfactory than Wright’s for studying the 
nuclear changes, and is the method of choice for all other myeloid elements. 
Wright’s stain gives unsatisfactory results on the material fixed in Zenker’s fluid. 

Studies of bone marrow included (1) general observations on hematopoiesis 
and (2) numerical and differential counts on megakaryocytes. The counts were 
made with a Spencer binocular microscope, 10 X oculars and the 4 mm. objective 
being used. With this system of lenses each visual field represents an area mea- 
suring 0.35 mm. in diameter. Every megakaryocyte showing a portion of the 
nucleus was counted in 400 visual fields, 100 fields from each of the four levels 
mentioned. 

Megakaryocytes were divided into (1) mature, (2) lymphoid and (3) degen- 
erating forms. “Mature cells” comprised those conforming to the classic 
description and also the young megakaryocytes with granules appearing only in 
the perinuclear zone. “Lymphoid megakaryocytes” included those of any size 
with basophil cytoplasm devoid of granules ; the smallest of these had a pale blue 
vesicular nucleus and a narrow rim of deeply basophil cytoplasm; the larger had 
a complex nucleus similar to that in the mature form. Degeneration was evidenced 
by pyknosis of the nucleus, by loss of distinctness and brilliancy in the granules 
of the cytoplasm, and by a tendency of the cytoplasm to take the acid stain. 
“Naked nuclei” were classed with degenerating cells, since practically all of them 
showed distinct evidence of degeneration in the forms of chromatolysis and 
pyknosis. “Naked nuclei” in a few instances constituted a large proportion of 
the cells classed as degenerating. The sum of these three types gave the total 
number of megakaryocytes. In addition, separate enumerations were made (1) of 
megakaryocytes in the cytoplasm of which leukocytes were seen and (2) of 
Wright’s figures. The included leukocytes were almost invariably polj'morpho- 
nuclear and rarely were lymphoid; erythrocytes were never found included. 
Although sometimes the leukocytes were degenerating, more commonly the evi- 
dences of degeneration appeared in the megakaryocyte. The inclusion of leuko- 



168 


ARCHIVES OF PATHOLOGl- 


cytes occurred, then, usually in degenerating megakarj'ocytes, but sometimes in 
apparently normal mature cells and very rarely in lymphoid forms. Wright’s 
figures included those cells showing “Perlenketten,” pseudopods with clumping of 
granules, or fragmentation of the entire cytoplasm. 

The source of the ultraviolet light used in these experiments was the mercury 
vapor quartz lamp (Victor 110 volts, 10 amperes). After normal counts were 
established, the back of the animal was shaved or closely clipped and the animal 
exposed daily to increasing doses, beginning with an exposure of about five minutes 
at a distance of 16 inches (40.7 cm.) and increasing to as much as from twenty to 
thirty minutes at the same distance over a period of from five to fourteen days. 
Seventeen animals were treated in this way, all but two or three of which 
responded with a considerable increase in platelets. For the present study seven 
animals were selected which showed an increase of from 37.7 to 179.5 per cent 
above the average normal, with an average increase of 96.2 per cent. Other 
animals showed increases as great or greater than these, but were allowed to sur- 
vive, so that the duration of such increases could be ascertained. Others had been 
subjected to experimental conditions other than that of irradiation by ultraviolet 
light and so were not suitable for thi5 study. Of the seven selected, two were 
killed while the platelets were at a high level and still increasing, two on the 
second day after the maximum count and while the platelets were declining, one 
on the third and two on the fourth day. 

As controls, seven normal animals were used and were subjected to no mani- 
pulation other than that incident to daily complete blood counts. In each case an 
additional blood count was made on the ‘fourth day just before the animal was 
killed. 

All the animals were kept in cages in a moderately well lighted room, but out 
of direct sunlight, both before and during the experiments, and were fed on a diet 
of oats, carrots and alfalfa hay. 


RESULTS 

The results have been tabulated in tables 1, 2 and 3. 

Normal Animals . — The results of the enumeration of blood elements 
and of the differential count of megakaryocytes in the normal animal 
were surprisingly constant (table 1). Only the final count of the 
erythrocytes is recorded in the table; the average erythrocyte count was 
6,346,000. The average leukocyte count was 9,692, with variations 
between 6,300 and 12,200. Platelet counts varied between 393,000 and 
763,000 (the lowest and the highest single counts), with an average 
normal count of 626,000. The average normal platelet count, including 
those on the experimental animals before treatment was 750,000. The 
count on rabbit 54 was not included in this average because this animal 
showed a spontaneous high normal level of unexplained origin. 

The total megakaryocyte count averaged 239.7 per hundred visual 
fields, distributed among the three types as follows : mature, 169.3 ; 
lymphoid, 47, and degenerating, 23.5. Of these, 4.4 (per hundred 
visual fields) showed “phagocytosis” and 4.1 showed Wright’s figures. 
The total megakaryocyte count varied between 204.3 and 312.5 ; the 
mature between 137 and 223 ; the lymphoid, between 31.5 and 65.5, and 
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the degenerating between, 17 and 26.5. The highest number of phago- 
cytic forms was 8.5 ; the lowest, 2.5. The highest number of Wright’s 
figures was 6.5 ; the lowest, 2.5. 

Animals Treated with Ultraviolet Light . — Ultraviolet light produced 
increases in the count of circulating blood platelets A^arying from 37.7 
per cent to 179.5 per cent, or an average increase of 96.2 per cent. The 
highest level attained under the influence of ultraviolet light was 
2,636,000; the average of the highest levels was 1,789,000, and the 
average level just before autopsy was 1,370,000. The animal showing 
the smallest rise in platelets was no. 54, which had had a spontaneous 
rise before treatment and, therefore, the highest average normal level. 

Megakaryocytes showed an average total of 284.7 per hundred visual 
fields, which was an increase of 19 per cent above the normal average 
total, although the total in four of the seven animals fell within normal 
limits. The total was distributed as follows : mature, 220.8 ; lymphoid, 
31.2 ; degenerating, 32.8, or an increase in mature and degenerating forms 
and a decrease in lymphoid forms. The most marked variation from 
the normal picture, however, was found in the occurrence of 17.7 
phagocytic forms, a considerable increase, and of 9.5 Wright’s figures, 
which was more than double the normal number. Animal 46 was 
omitted from the calculation of all averages in this section because its 
bone marrow was distinctly different from that of the other animals 
treated with ultraviolet light and strikingly similar to that of infected 
animals, which will be described in part 3. Its leukocyte count of 22,100 
at autopsy supported the suspicion that the animal was infected. 

Distinct evidence of general hyperplasia of the bone marrow was 
present in four of the seven rabbits of this group. The other three 
appeared normal, both grossly and microscopically. In only one (20) 
was there gross evidence of hyperplasia, and in this one the red marrow 
extended nearly to the loAver end of the tibia. In the others, the line of 
demarcation between red and fatty marrow was at about the middle or 
slightly below the middle of the tibia. Microscopically, a moderate 
degree of hyperplasia involving both erythropoietic and granulopoietic 
was found in three animals (17, 20 and 46) and a somewhat milder 
degree in a fourth (13). It will be observed from table 2 that these 
four animals showed the greatest platelet response. 

SUMMARY AND COMMENT 

The experiments showed that under the influence of ultraviolet light 
an elevation of the level of the blood platelets occurred that was strikingly 
correlated with changes in the number and the form of the mega- 
karyocytes in the bone marrow. Certain definite tendencies were ap- 
parent in the megakaryocytes. First, they showed, if average figures 
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are considered, an increase in total number, although individual cases 
fell within the limits of normal variation, which are wide. Second, 
Wright’s figures were distinctly increased. Although two animals failed 
to show increases in Wright’s figures above the highest normal, the 
number in both was greater than the average normal; rabbit 13 merely 
reached the high normal ; rabbit 49 had had only a 59 per cent increase 
in platelets and was not killed until four days after the peak; at this time 
the platelet level was nearly normal (942,000). Third, there was a 
noticeable diminution in lymphoid forms and a tendency to maturation ; 
this was manifested by a decrease in lympboid forms of 33.6 per cent, 
b}' an increase in mature forms of 30.4 per cent, and by an increase in 
degenerating forms of 39.5 per cent. These are the average figures 
for the entire group. 

If the data ol)taincd from the seven experimental animals are 
analyzed more closely, arranging the animals according to the number 
of days that elapsed between tbc time of tbe maximum platelet count and 

Taiu.k 3. — Animals Treated with Ultraviolet Light 
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the time of autopsy, certain exceptions to these general trends appear 
(table 3). First, the average total number of megakaiyocytes in the 
two animals killed at the peak is actually less (12.8 per cent) than the 
normal average total and the increase in the total number in the animal 
killed on the third da 3 ^-is but 8.2 per cent. These figures, however, all 
fall within the limits of normal variation, which, as previously stated, 
are wide. Second, the same three animals failed to show an increase 
in the number of mature megakaryocytes. In other words, an exact 
correlation between the number of megakaryocytes and the level of the 
platelets at the time of autopsy cannot be demonstrated, just as Petri 
maintained and contrary to the claims of most of the protagonists of 
Wright’s theory. This fact serves merely to emphasize the need for 
most eareful analysis of the megakaryoc}4es. When such an analysis 
is made, it is seen that none of the animals failed to illustrate the ten- 
dency to a shift from lymphoid to mature and degenerating forms — in 
other words, an increased rate of maturation. The evidence from this 
study of thrombocytosis induced by ultraviolet light and from a study 
of the correlated changes in the bone marrow tends, I believe, to 
substantiate Wright’s theory. 
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A possible explanation for the striking increase in the phagocytic 
forms became apparent only when the results obtained by the use of 
ultraviolet light were compared with those obtained by the use of other 
agents. At the same time, a theory of the mode of action of ultraviolet 
light on megakaryocytes and platelets was suggested. These theories 
will be discussed in part 3. 

III. EXPERIMENTS WITH A SPECIFIC BACTERIAL INFECTION 

The experimental induction of thrombocytosis and the study of 
correlated changes in the bone marrow were continued in a second group 
of animals infected with a specific organism, hereafter referred to as 
Bacillus thromhocytogcncs. The early results of these studies have been 
reported in a preliminaiy paper.**® 

The influence of bacterial infections on the platelets and the signifi- 
cance of alterations in the number of platelets in infections is rather 
obscure, in spite of the fact that a large number of observations have 
been made. These observations have been almost entirel}’' confined to 
clinical cases. One of the most intensive studies was made by 

Reimann,'*" in pneumococcal infections. He found that in lobar 
pneumonia, thrombopenia occurred during the febrile period of the 
disease and lasted until the temperature began to fall by crisis or by 
lysis, after which the platelets began to increase in number, reaching a 
level considerably above normal and finally subsiding gradually to a 
normal level in about two weeks. This has been found to be true, in 
general, of a number of other acute infections. Most observers have 
found the platelets decreasing in number at the onset of the fever, in- 
creasing gradually during the disease, rising above the normal level 
after the temperature has subsided, remaining high for one or two weeks 
and subsiding gradually to normal. As exceptions to this general rule, 
scarlet fever has been found to show no thrombopenia during the febrile 
stage, but rather an increase in platelets (Stahl °°). Bannerman 
observed an increase in platelets in the common cold. Platelet counts 
in tuberculosis indicate an inverse I'atio between thrombocytosis and the 
patient’s resistance to the disease. Bannerman found that patients 
with a count above 510,000 usually showed evidence of a rapidly down- 
grade course, while counts below 400,000 indicated a good prognosis. 

The response of blood platelets in rabbits to infection with B. tlirom- 
bocytogeaes seems to be exceptional, as the thrombocytosis appears at the 
beginning of the infection without a preliminar}'^ thrombopenia. 

48. Gunn, F. D.: Proc. Soc. Exper. Biol. & Med. 24:857, 1927. 

49. Reimann, H. A. : J. Exper. Med. 40 : 553, 1924. 

50. Stahl, R. : Ztschr. f. klin. Med. 96:182, 1923. 

51. Bannerman, R. G. : Brit. J. Exper. Path. 5:16, 1924. 

52. Bannerman, R. G. : Lancet 2:593, 1924. 
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MATERIAL AND METHODS 

•The rabliit from which B. thromhocylogencs was originally recovered 
had been subjected to splencctoni}' and had shown a resultant rise in 
platelets, which in a few days returned to the normal level. The animal 
was then given a course of treatments with ultraviolet light. The 
number of platelets again increased and was again decreasing after the 
treatment had been discontinued when, without apparent cause, a 
secondary rise occurred, which continued for thirteen days, reaching 
a maximum of v3.40S,000 per cubic millimeter. The animal was killed 



Chart 1. — The curve of the red blood cell count (dotted line) and of the platelet 
count (solid line) of rabbit 21, an albino male, infected with Bacillus throm- 
lx)cytogenes. 

one day after the maximum count was obtained, when the platelet count 
had dropped to 2,654,000 (fig. 1). The only striking pathologic change 
found was a rather extensive chees}'- mass infiltrating the lateral 
abdominal wall near the site of operation, and from this the bacillus was 
obtained in pure culture. The only other- abnormality found was a 
hyperplastic bone marrow. Reinjection of the subcultures of the bacillus 
was effective, shortly after its original isolation, in produeing a striking 
increase of platelets, in the other four rabbits included in this group. 
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Figure 2 illustrates the platelet response in one of these animals. A 
number of other rabbits similarly treated were allowed to recover. None 
of the animals exhibited as great a rise in platelets as that observed in 
the first, possibly because in the latter it was a summation of effects 
of the several agents used. The infection was attended by leukocytosis 
and in the large doses used was fatal in three animals. After nine 
months in subcultures the bacillus had lost much of its virulence for 
rabbits and its ability to affect the number of platelets was somewhat 
diminished. 

The cultural and biologic characteristics of B. thrombocytogencs 
will be described in detail in a separate report. It grows on artificial 



Chart 2. — The curve of the red blood cell count (dotted line) and of the 
platelet count (solid line) of rabbit 27, a black male, inoculated with Bacillus 
thrombocytogencs. 

mediums as long, slender rods, forming long chains in bouillon and 
sometimes forming oval, subterniinal spores. Reduced oxygen tension 
favors its growth. In old cultures the bacilli are positive to Gram’s 
stain, but usually they are gram-negative. 

In these experiments, forty-eight hour cultures on blood agar slants were 
suspended in sterile saline solution and injected subcutaneously and intramus- 
cularly into each animal, except one. In this case an intravenous injection was 
made, but since it was found to be less effective than the subcutaneous inoculation 
it was discontinued. Each animal received the growth from one blood agar slant 
suspended in 1 cc. of saline solution. 
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Erythrocyte and platelet counts were made daily with frequent total and occa- 
sional differential leukocyte counts for each animal. The handling of tissues and 
the technic of enumerating megakaryocytes in sections of bone marrow were 
described in part 2. 

RESULTS 

This infection produced the highest levels of platelets obtained in any 
of the experiments. The highest number of platelets attained was 
3,408,000, or an increase of 274.1 per cent; the lowest, in rabbit no. 26, 
was 1,680,000, or an increase of 51.1 per cent; the average increase for 
the group was 160.3 per cent. Megakaryocytes showed an average total 
of 333.4 per hundred visual fields, or an increase of 39 i^er cent above 
the normal average total, although in two of five animals the totals fell 
within normal limits. The distribution among the three types was 
extremely variable as reference to table 4 will show, but with a tendency 
to reduction in the number of lymphoid forms and a striking increase 
in the number of degenerating forms. There was also a marked in- 
crease in “phagocytic” forms, namely, to 39.6 (from an average normal 
of 4.4) and in Wright’s figures to 14.8 (from 4.1). Reference to the 
table will show that rabbit 26 varied markedly from tbe others in this 
group. The animal showed at autopsy a pneumococcal pleuritis and 
pericarditis complicating the usual pathologic picture found in this in- 
fection. The significance of this mixed infection as a possible cause of 
the unusual picture of the bone marrow will be discussed. 

The general picture of the bone marrow in all five of these animals 
was that of a high grade of myeloid activity. Grossly in all cases the 
red marrow extended downward in the tibia entirely or nearly to its 
lower end, and in two cases the marrow was softer and more friable 
than normal (26 and 27). Microscopic sections showed a great reduc- 
tion in the size and number of the fat vacuoles. Myelopoiesis was 
active, pseudo-eosinophil myelocytes and metamyelocytes predominating. 

SUMMARY AND COMMENT 

The experiments in which B. thromhocytogenes was used as the 
agent to induce thrombocytosis showed the same results as were obtained 
from the use of ultraviolet light, but more striking. First, the total 
number of megakaryocytes reached higher levels than any previously 
obtained. Although in this group, as in the ultraviolet group, the total 
number of megakaryocytes in two animals lay within normal limits, the 
average increase was 39.1 per cent, as compared with 18.8 per cent in 
the ultraviolet group. Second, the number of Wright’s figures was 
invariably higher than normal and showed an average increase of 261 
per cent, as compared with one of 132 per cent in the ultraviolet grouj). 
Third, there was a most striking and peculiar change in the form of 
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the megakaryocytes. The number of lymphoid forms showed a de- 
crease of 27.5 per cent, as compared with a decrease of 33.6 per cent in 
the ultraviolet group; the number of mature forms showed a decrease 
of 5.6 per cent, as compared with an increase of 30.4 per cent, while 
the number of degenerating forms received a tremendous augmentation 
of 494 per cent and that of phagocytic forms, of 1,141 per cent, as com- 
pared with 39.6 per cent and 302 per cent, respectively. The shift in 
forms was not, therefore, to mature forms, but beyond them, in the 
megakaryocyte cycle, to degenerating forms ; there was, also, a con- 
spicuous increase in the phenomenon of phagocytosis. 

Two other significant changes in the form of megakaryocytes were 
observed. The first of these was an increase in the number of “naked 
nuclei.” In the ultraviolet group of animals sei:>arate counts of naked 
nuclei were not made; these were included with degenerating mega- 
karyocytes, because they practically always showed pyknqsis or chro- 
matolysis. It became apparent, however, that in the marrows in which 
degenerative forms were most abundant,* “naked nuclei” were so 
numerous as to deserve special enumeration. Accordingly, they were 
counted differentially in two animals; rabbit 21 had 67 and rabbit 26 
had 99 per hundred visual fields. Careful scrutiny revealed that many 
of the apparently “naked nuclei” still showed evidence of active forma- 
tion of platelets in the form of a ver}' narrow .rim of cytoplasm from 
which small processes or occasionally long, finger-like, branching pseu- 
dopods with grouped granules (“Pcrlenketten”) extended out and were 
almost hidden among the adjacent cells. The other phenomenon was the 
occurrence of numerous fragments of megakaryocytic cytoplasm, rang- 
ing in size down to that of a platelet. This was much more noticeable 
in animals of the infected group than in those of the ultraviolet light 
group, especially in rabbits 21 and 26, in which degenerating forms of 
megakaryocytes also were most numerous. 

Other authors have suggested that “naked nuclei” or “nearly naked 
nuclei” and fragmenting cytoplasm are just as clear evidence of platelet- 
forming activity on the part of the megakaryocytes as are Wright’s 
figures. When marked degeneration of megakaryocytes occurs in con- 
junction with these two features, the three together may be regarded, 
I believe, as evidence of recent overactivity and present exhaustion of 
the megakaryocytes. 

The subject of “phagocytosis,” so much discussed, deserves special 
mention. Three theories to explain the inclusion of other cells in the 
cytoplasm of the megakaryocytes have been enumerated, namely, that 
of accidental inclusion, that of true phagocytosis and that of invasion. 
The possibility of accidental inclusion of a few cells of any type cannot 
be excluded. In the marrows of my experimental animals of both 
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groups megakaryocytes with included cells invariably showed degenera- 
tive changes of the nucleus or of the cytoplasm or of both, while the 
leukocytes were apparently normal. This strongly suggests that so- 
called “phagocytosis” is really the invasion of damaged megakaryocytes 
by leukocytes (granulocytes), especially since the phenomenon occurred 
most abundantly in animals of the group infected with B. thromhocy- 
togencs, in which degenerating forms were most numerous and in which 
damage to the marrow was evident. 

The probable mode of action of both experimental agents in causing 
thrombocytosis may now be suggested. The changes in form of the 
megakaryocytes observed in both groups of animals were similar in 
character; the difference was merely one of degree. Both agents ap- 
parently accelerated maturation of the megakaryocyte, increasing its 
IDlatelet-forming activity and ultimately damaging the megakaryocyte. 
These facts suggest that both agents acted as irritative, probably toxic, 
stimuli to the megakaryocytes. It seems probable, also, that the intro- 
duction of a still more toxicagent, as occurred in rabbit 26 when it con- 
tracted an accidental infection with pneumococcus, can hasten degenera- 
tion to the point of actual inhibition of platelet- forming activity. This 
animal showed, it will be recalled, an increase of only 51.1 per cent in 
platelets, and in the marrow practically no lymphoid or mature mega- 
karyocytes, but the greatest number of degenerating and “phagocytic” 
forms of any of the experimental animals and a relatively slight increase 
in Wright’s figures. It will be recalled at this point that Duke^” was 
able to produce stimulation of marrow and increase in platelets with 
small doses of toxic agents, and damage to megakaryocytes and decrease 
in platelets with large doses. It may seem remote to assume a similarit}' 
between the action on megakaryocytes of ultraviolet light and that of 
a toxin, whether introduced from without (diphtheria toxin, benzol) 
or produced within by B. thrombocytogenes. The only explanation at 
present possible is to postulate a toxic substance arising from damage 
to tissues as has been suggested by Dawbarn, Earlam and Evans and 
other workers. 

The more marked changes in the megakaryocytes and the coincident 
greater rise in platelets shown throughout by the infected group indicate 
that this agent is more effective than ultraviolet light. It was also 
observed in the larger series of animals treated with ultraviolet light, 
that the effect of this agent in raising the level of the platelets could 
not be prolonged beyond six or seven days. It is possible that the 
thickening of the skin following the inflammatory reaction to ultra- 

53. Dawbarn, R. Y. ; Earlam, F., and Evans, W. H. : J. Path. & Bact. 31:833, 
1928. 
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violet light may prevent penetration of the rays and so limit the effect 
of irradiation. Infection, on the other hand, is progressive; it con- 
tinues to stimulate the formation of platelets either until the animal 
recovers from the infection (as shown by animals not included in the 
present series) or until the megakaryoc3les are exhausted. 

The hyperplasia of bone marrow occurring in these rabbits deserves 
discussion. The degree of general hyperplasia was correlated to a 
certain extent with the intensity and duration of action of the experi- 
mental agent, being less marked in the group treated with ultraviolet 
light and of high grade in the infected group. This fact alone shows 
that the agents used are not sufficiently selective to fulfil the require- 
ments of the “ideal agent.” The absence or moderate grade of hyper- 
plasia in the animals treated with ultraviolet light, however, indicates 
that this agent, at least, is selective to a fairly high degree. Possibly 
megakaryocytes are sensitive to stimuli which in greater concentration 
affect the other elements also. The second agent, being much more in- 
tense in its effects, not only caused greater changes in circulating 
platelets and in megakar3'’ocytes, but also stimulated the other elements 
of the bone marrow to marked hyperplasia. 

CONCLUSIONS 

Increase in the number of circulating blood platelets produced by 
the use of ultraviolet light or by a specific bacterial infection is ac- 
companied b3’’ increase in the number of megakaryocytes and by in- 
creased evidence of the formation of platelets on the part of the 
megakar3'Ocytes, namely, Wright’s figures, fragmentation of the cyto- 
plasm and the appearance of “naked nuclei.” 

The mode of action of the agents used is by direct stimulation of 
the bone marrow, as evidenced b3'' the tendency of the megakar3'^ocytes 
to accelerated maturation and by the general h3’^perplasia of bone marrow. 
The agents seem to be at first stimulating and subsequently toxic to the 
bone marrow. The megakar3"0C3Ues respond earlier and are affected 
more profoundl3’' than the other elements of the marrow. 

The inclusion of other cells of the bone marrow within the cytoplasm 
of megakaryocytes has been observed. Whenever this feature is at all 
conspicuous, inclusion seems to be limited to the granulocytes, and the 
nuclei of the megakaryocytes show evidence of degeneration. For this 
reason, the phenomenon is regarded as an invasion of damaged mega- 
karyocytes by active granulocytes rather than as phagocytosis of other 
blood cells by megakaryoc3des. 
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The liver in uremia shows, as a rule, considerable edema, with the 
fluid accumulating mainly between the trabeculae of the hepatic cells 
and the wall of the capillary. In the course of this process, changes 
of the Kupffer cells are met with, such as swelling, desquamation and 
alteration in the chromatin structure of the nucleus. These changes 
observed at autopsy suggested a possible relationship of the Kupffer 
cells to the disturbance in nitrogen metabolism, which is looked on as 
the basic factor in the development of the uremic symptoms. This pos- 
sibility is the more probable as the liver is supposed to be the main seat 
of the formation of urea, and this substance, synthetized in the liver 
cells, reaches the circulating blood after having passed through the 
barrier of the Kupffer cells. 

These considerations led us to investigate the effect of a blockade 
of the Kupffer cells on the urea content of the blood. India ink was 
used as the blocking material, and the experiments were carried out on 
mice, rabbits and dogs. 

EXPERIMENTAL OBSERVATIONS 

The experiments on mice were made after determining the average 
urea content of the blood of the mouse after a fast of twenty-four 
hours. Determinations on ten mice showed variations of urea nitrogen 
from 9 to 15.4 mg. per hundred cubic centimeters of blood, the average 
being close to 14 mg. After injection of 0.5 cc. of india ink, diluted ten 
times, into a vein of the tail of each mouse, amounts were obtained 
that varied from 19 mg. to 33 mg., with an average of 26.5 mg. The 
determination of urea nitrogen was made four hours after the injection 
of india ink. It is obvious that such a substantial rise could not have 
been due to retention of the nitrogenous products of cleavage. The 
period of four hours is certainly too short to account for any consider- 
able retention. Moreover, we carefully examined the kidneys of the ten 

Submitted for publication, Jan. 24, 1931. 

* From the Department of Pathology, United Israel Zion Hospital. 
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mice and ascertained that tlic glomeruli showed no embolic obstruction 
or other imiwirment. 

In order to show that the rise in the blood urea after the injection 
of india ink was actually independent of renal function, we compared 
our observations with those obtained on mice poisoned with uranium 
nitrate. Seventy-two hours after the injection of uranium nitrate ten 
mice showed a rise in urea nitrogen, which varied in amounts from 20 
to 50 mg., the average being 35.2 mg. Our next step was to inject 
india ink into animals that had previously been poisoned with uranium 
nitrate. The amounts obtained four hours later .showed a wide range 
of the level of urea nitrogen in the blood, the lowest being 22 mg. and 
the highest 102 mg., with an average of 50 mg. 
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All these experiments were made with small quantities of blood. 
In order to eliminate possible errors inherent in such procedures, we 
repeated the exj^eriments on a .series of rabbits. Our procedure was 
as follows ; 

Tlic animals were made to fast for twenty-four liours. A sample of blood 
was taken to determine the normal rates of urea nitrogen, creatinine and non- 
protein nitrogen; 5 cc. of a 1 per cent solution of uranium nitrate was injected 
subcutaneously into six animals; the animals were fed lettuce; twenty-four hours 
later blood was taken, and 5 cc. of india ink twice diluted was injected intrave- 
nously; four hours later a third sample of blood was taken. The results obtained 
in this series were compared with those obtained in a second series of six rabbits 
into which india ink was first injected and then uranium nitrate. Three samples 
of blood were also taken in this scries: one before the injection of india ink, one 
four hours later and one twenty-four hours after the injection of uranium nitrate. 

The results of these experiments can be read in the table. Injection 
of india ink into the rabbits was followed by a rise in urea nitrogen 
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from a normal level of 15 mg. to 22.2 mg. Both figures represent the 
averages of six determinations. Changes in the creatinine and total non- 
protein nitrogen ratios were commensurate. When the injection of india 
ink was followed by the administration of uranium nitrate, a second 
considerable rise in the blood urea occurred, the figures vai*ying from 
34 to 92, with an average of 57. 

In the reverse experiment in which the kidneys were damaged first, 
with a subsequent injection of india ink, the nitrogenous products in 
the blood reached somewhat lower figures. They varied between 35 and 
60. Yet the injection of india ink in each case was followed within 
four hours by a new rise of the urea, considerably in excess of that 
produced by renal impairment alone. 

We checked these experiments on dogs also, using four animals in 
these procedures. Incidentally, two of the animals had previously 
been splenectomized for some other purpose. We were somewhat sur- 
prised to see that the results obtained in the splenoctomized dogs were 
different from those in the other two. Injection of india ink into the 
normal dogs produced a rise of the blood urea nitrogen from 20 to 
24 mg. and from 21.5 to 26.5 mg., respectively. A second determination 
twenty-four hours later showed that the blood urea had returned to its 
original level. In the two splenectomized dogs the urea nitrogen was 20 
mg. before the injection of india ink; four hours later, it was only 16 
and 18 mg., respectively, while after twenty-four hours it dropped in both 
animals to as low as 12 mg. 

COMMENT 

Our experiments showed that injection of india ink into various 
laboratory animals elicits a temporary rise in the blood urea nitrogen, 
which disappears after twenty-four hours, at least in the dog. The rise 
is not due to impaired renal excretion, as was shown by the unaltered 
structure of the kidneys. This is also borne out by the observation that 
india ink injected into animals previously poisoned with uranium 
nitrate elicited a further rise. On the other hand, the highest ratio 
of blood urea in animals treated by injection of india ink could be still 
further augmented if the kidneys were impaired by poisoning with 
uranium nitrate. 

Experiments by Rothmann and Sylla ^ also showed a rise of the 
nonprotein nitrogen of the blood after injection of india ink. Their 
results, however, are not quite comparable, because these authors 
injected the ink into the renal artery after removing the other kidney. 
The kidney receiving the injection, when examined from two to three 
days later, showed granules of ink in the glomerular capillaries and 


1. Rothmann and Sylla: Ztschr. f. exper. Med. 69:356, 1930. 
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lesions of both glomeruli and tubular parenchyma. Rothmann and Sylla 
concluded, therefore, that the rise in nonprotein nitrogen observed in the 
blood after from two to three days was due to impairment of renal 
function. 

We do not deny that lesions of the kidneys and subsequent retention 
of nitrogen can be produced by injection of ink into the renal artery. 
But we wish to emphasize the fact that no renal lesions are obtained 
if ink is given intravenously, as in our experiments. It is regrettable, 
moreover, that Rothmann and Sylla did not mention whether they 
examined the liver and spleen of their experimental animals. In our 
experience with injection of colloidal suspensions, we found that 
apparently not all of the material injected intra-arterially is filtered 
off by the capillaries. A fairly large amount passes through the capillaries 
and becomes electively stored in the reticulo-endothelial cells. Thus the 
results of Rothmann and Sylla seem to be derived from two widely 
different sources: from renal impairment and from interference with 
the reticulo-endothelial system. 

If renal retention does not account for the rise in blood urea in our 
experiments, it seems logical to assume an excessive liberation of urea 
into the blood. This assumption at first seems inconsistent with the 
general belief that urea is manufactured by the hepatic cells, and there 
is no morphologic evidence to show that india ink is taken up by these 
cells; nor can we demonstrate any other direct interference of the ink 
with the parenchyma of the liver. The granules of ink are abundantly 
stored in the Kupffer cells, and it would seem that such storage may 
have certain effects on the function of these cells. On this basis we could 
attempt to explain the increase in blood urea by the assumption that 
the urea produced by the hepatic cells permeates more easily into the 
circulation if the Kupffer cells are incapacitated. This explanation, 
however, is far from satisfactory and is strangely contradicted by our 
observation on splenectomized dogs, in which india ink did not give 
rise to an increase- of blood urea. This observation would rather sug- 
gest an increased function of the Kupffer cells and other biologically 
related elements, such as the splenic pulp. In the absence of the spleen 
■ a diminished response could be expected. 

A report of experiments recently published by Buengeler “ seem to 
shed considerable light on the nature of the metabolic changes discussed 
in this paper. Using the method of Warburg, Buengeler studied the gas 
exchange, glycolysis and production of lactic acid on surviving tissues. 
The tissues examined, however, were obtained from animals that pre- 
viously had been given intravenous injections of india ink or of other 


2. Buengeler: Frankfurt. Ztschr. f. Path. 39:426, 1930. 
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colloidal suspensions. He observed a remarkable increase in the con- 
sumption of ox3'gen which, as parallel histologic examinations showed, 
was simultaneous with progressive phagocytosis of the granules of ink 
by the Kupffer cells of the liver or by the reticulum cells of the spleen. 
Buengeler interpreted his results as indicative of an activation of the 
reticulo-endothelial cells due to stimulation by the foreign material intro- 
duced into the circulation. Such activation of the cells also suggests 
other metabolic processes, besides the increased consumption of oxygen, 
which are most likely to yield nitrogenous products through cleavage. 
It seems logical to connect the increase of urea in the blood after the 
injection of ink with Buengeler’s endothelial activation, particularly 
with enhanced function of the Kupffer cells and possibly of other 
reticulo-endothelial elements. In view of these observations it would 
seem to be indicated that in the future distinction must be made between 
an increase of blood urea due to urinary retention and that which is 
caused by increased activity of the mesenchymal cells. 

Recent investigation by Fischer and Frommel on experimental 
tuberculosis points in the same direction. These authors observed a rise 
in the consumption of oxygen of as much as 50 per cent during the 
period of incubation, while no rise in temperature was noted. These 
experiments confirmed previous clinical observations in afebrile tuber- 
culosis (Grafc*), subacute bacterial endocarditis (Gessler®), the 
prodromal stage of measles or of varicella (Birk”) and the incubation 
stage of therapeutic malaria (Strieck and Wilson,' Balm and Lang- 
hans®). In all these conditions the increased consumption of oxygen 
was independent of any rise in temperature. Grafe suggested an irrita- 
tion of cerebral centers as a possible cause of the metabolic processes 
expressed by the rise in consumption of oxygen. In our opinion, how- 
ever, it is more logical to explain the sudden increase of metabolic 
activities by an increased function of the reticulo-endothelial system, 
which is known to play the leading role in the processes of defense 
against infections. It was shown in previous papers ” that the early 
stage of infection is characterized by changes of the reticulo-endothelial 
cells, which were interpreted as evidence of activation and increased 
function of the cells. The observations on the changes in metabolism 

3. Fischer and Frommel: Ztschr. f. exper. Med. 74:646, 1930. 

4. Grafe: Miinchen. med. AVchnschr. 67:1081, 1920. 

5. Gessler: Deutsches Arch. f. klin. Med. 144:188, 1924. 

6. Birk, quoted by Strieck and Wilson (footnote 7). 

7. Strieck and Wilson: Deutsches Arch. f. klin. Med. 157:202, 1927. 

8. Balm and Langhans : Deutsches Arch. f. klin. Med. 161:181, 1928. 

9. Goldzieher : The Structure of Infectious Splenic Swelling, Arch. Path. 
3:42, 1927. Goldzieher and Peck: Experimental Studies on the Reticulo-Endo- 
thelial System: I. Response to Infection, Arch. Path. 3:629, 1927. 
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during the ])eriod of incubation impress us as additional evidence that 
any stimulation of the reticulo-endothclial system elicits reactive changes 
that are amenable to morphologic, serologic or biochemical demonstra- 
tion. In our experiments with the injection of india ink this reliction 
became apparent by the increase of the nitrogenous j^roducts of cleavage 
in the blood. 

SUM .Af ARY 

The urea nitrogen of the blood was studied in mice, rabbits and 
dogs following injection of india ink. Such injection elicited a rise of 
urea nitrogen, which could not he attributed to renal retention. An 
additional rise was produced by india ink when this was injected into 
animals the kidneys of which had previously been damaged by the 
administration of uranium nitrate. No rise was obtained if the india 
ink was injected into splencctomizcd dogs. 

The rise in the blood urea after the injection of india ink is inter- 
preted as the result of increased activity on the part of the reticulo- 
endothelial system. 
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Since on the surgical removal o£ from 65 to 75 per cent of the hepatic 
parenchyma compensatory hyperplasia of the remaining lobes follows 
so rapidly, the questions arise (1) whether a liver so quickly restored 
performs the usual hepatic functions in a manner to make it comparable 
to a normal liver, (2) whether the glycogenic function and the 
bile-secreting function are as effective in the new parenchyma and 
(3) whether the defense mechanism, or its detoxifying activity, is any 
less effective in a recently restored liver than in a normal one. These 
questions, as well as many others, must be answered before knowledge 
of the liver is complete. Before physiologic or pathologic studies of 
this sort are possible, complete data must be available concerning such 
pertinent facts as; (1) when restoration begins following partial 
removal, (2) when it is most active, and (3) when it is complete, or 
when the normal ratio of the weight of the liver to the weight of the 
body is restored. 

Although science has known for many years that rapid recovery 
follows either extensive chemical injury or partial surgical removal, so 
far as we know, no statistical approach has ever been made toward 
the solution of the factors in restoration. Such statistical data as 
concern (1) the ratio of the weight of the liver to the weight of the 
body during the period of restoration, (2) the rate of restoration and 
(3) the ratio of the weight of dry liver to the weight of moist liver at 
frequent intervals during the period of restoration have never been 
compiled. 

In biologic studies of this sort, in which the variable factor, such 
as the weight of the liver in relation to the weight of the body, varies 
considerably in each animal, irregularities in the analysis of the data 
are unavoidable. Since the weight of the hepatic parenchyma in animals 
of comparable size may vary as much as 2 or 3 Gm., precision in the 

* Submitted for publication, Jan. 20, 1931. 

*From the Division of Experimental Surgery and Pathology, the Mayo 
Foundation. 
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evaluation of such data as we have attempted to assemble can only be 
approached through the application of the statistical method. The exact 
technic of the chemist is not available for a study of this sort, and thus 
in order to avoid misinterpretation and unwarranted conclusions we 
have used a large number of animals and applied the statistical method. 

A brief comment on terminology may not be out of place. Ever 
since the earl}' recognition by Criweilhier and Andral that the liver 
rapidly recovers from injury, the term “regeneration” has been employed 
to describe the process. The large bulk of experimental work which 
forms the basis for the present knowledge of the factors and the rates 
of regeneration of somatic tissue has been performed on invertebrate 
and lower vertebrate forms of life. In extensive experiments Roux, 
Driesch, -Morgan, Child and Zeleny and many others have considered 
in detail the reaction of the organism to such injuries as the removal 
of a limb, a cranial appendage or a caudal appendage, or the removal 
of parts of a developing embryo in either the morula or the blastula 
stage. Under these conditions a reaction at the level of injury ensues 
and a new limb or a new tail develops. Various terms, such as “replace- 
ment of lost parts,” “restitution” or “reparation,” have been employed 
to designate the reaction of the organism, but the term “regeneration,” 
according to Morgan, more accurately describes these processes. In 
such cases of regeneration active proliferation of cells invariably pre- 
cedes differentiation. New tissues develop at the level of the injury, 
and after a period of active proliferation a new limb with its component 
parts is differentiated. 

In the case of the mammalian liver one is dealing with a response 
in growth considerably different from that which ensues on the removal 
of the tadpole’s tail. Following partial removal of the liver, a prolifera- 
tion of cells does not ensue at the level of the cut; new lobes do not 
develop to take the place of those removed. There is, on the other hand, 
hyperplasia of the remaining lobes. There are no centers of cell prolif- 
eration, but generalized mitotic activity, coupled with cellular migration 
and differentiation, results in the formation of new lobules, and the 
preoperative weight of the liver is thus rapidly restored. Regeneration, 
as employed biologically, would involve, it seems to us, the replacement 
of a removed part, with rearrangement or reorganization of the old 
part. The term could well be applied to the recovery of a hepatic lobule 
from chemical injury as, for example, chloroform or carbon tetra- 
chloride poisoning, in which there is not only reorganization of portions 
of the old lobule, but new cellular proliferation as well. 

Accordingly, we have used the term “restoration” in this study of 
the mammalian liver in order that we might distinguish the reaction 
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following partial surgical removal from that which ensues on chemical 
injury. 

An extensive bibliography on regeneration of the liver was pub- 
lished by Fishback^ in 1929. We have not, therefore, attempted to 
review the literature in this report. 

METHOD OF STUDY 

Rats were selected for this stud\' not onw because of their availability in suffi- 
cient numbers to warrant extensive use, but because they withstand surgical 
procedures, and because postoperative mortality among them is usually low. Their 
natural resistance to infections makes them desirable surgical risks. 



Fig 1 . — Distribution of the control group of animals in regard to weights of 
liver plotted against weights of body. 

Prior to the surgical removal of a portion of the rat’s liver preliminary to a 
study of restoration we wished to determine the mean weight of the liver and the 
ratio of its weight to the weight of the body, within our experimental group. 
Accordingly, fifty rats, ranging in weight from 90 to 275 Gm., were killed by 
exsanguination, and the weights of their livers were plotted against the weights of 
their bodies. Within the limits of weights of body of approximately 125 and 
225 Gm. weights of the liver grouped themselves into a relatively linear distribu- 
tion (fig. 1). If animals weighed less than 125 Gm., the weights of the liver were 


1. Fishback, F. C.: Arch. Path. 7:955, 1929. 
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relatively liiglier; whereas if tliey weighed more tliaii 225 Gni,, tiiere was a 
tendency for the weiglits of tlie liver to be relatively lower. Accordingly, through- 
out our entire study we restricted our observations to animals ranging in weight 
from 125 to 225 Gm. and determined the figure 0.0358 as being the percentage of 
the weight of the liver in relation to the weight of the body. This is considerably 
lower than the percentages, listed in the tables from the Wistar Institute," and 
somewhat lower than those listed by Jackson ^ in 1913 and by Rous and * 
McMastcr •* in 1924. We are unable to explain this discrepancy, but believe it to 
be correlated with diet or perhaps with the strain of the rats of our colony. 

TECHNIC OK PARTIAL RE.AIOVAL 

The liver of the rat is a firm, dark red organ and according to Hunt is com- 
posed of four main lobes. The median lobe is cleft by a longitudinal fissure, which 
divides it into a right central and left central lobe. The right central lobe is 
flanked by the right lateral lobe, which is cleft transversely by a fissure dividing it 
into two smaller lobes, the posterior one of which caps the anterior pole of the 
right kidney. The left lateral lobe is a large lobe and lies immediately behind the 
left central lobe. The caudate lobe is likewise cleft by a transverse fissure and 
comprises thereby two smaller lobes which lie within the curvature of the stomach 
and the lesser omentum. Anatomically, the median lobe, with its two central por- 
tions, together with the left lateral lobe, forms somewhat of a unit which lends 
itself well to surgical removal. 

All operations were carried out with the animals under ether anesthesia, and 
careful asepsis was maintained throughout. Through a median-line incision reach- 
ing 3 or 4 cm. posteriorly from the xiphoid process of the sternum the large 
median lobe of the liver, with the left lateral lobe, was easily delivered, securely 
ligated by coarse linen and then excised. In this way portions of the hepatic 
parenchyma ranging in extent from 65 to 75 per cent of the total liver were 
removed, leaving within the peritoneum the right lateral lobe and the small caudate, 
or spigelian, lobe. The abdomen was closed with two layers, one suture of linen 
being used ; the peritoneum and the abdominal muscles were closed in the first 
layer and the integument in the second. There was no special postoperative care, 
except that in place of water the animals had access to a 20 per cent solution of 
dextrose for the first day, after which the normal diet and water were provided. 
The full diet consisted of known quantities of j-ellow corn meal, linseed oil meal, 
crude casein, alfalfa meal, powdered skim milk and salts. 

Immediate postoperative complications were not common, and yet, owing 
essentially to lesions of the lung, which one often encounters in laboratory rats, 
about 25 per cent of the 220 hcpatectomized animals that form the basis for this 
report died. Figure 2 represents the distribution in regard to weight of body 
and actual amount of hepatic parenchyma removed of the 104 animals that sur- 
vived and constituted the experimental series for data on the weight of the moist 
liver during restoration. The mean weight of the experimental series was 174.9 

2. Donaldson, H. H. : The Rat : Data and Reference Tables for the Albino 
Rat (Mus Norvegicus Albinus), Philadelphia, Wistar Institute, 1924. 

3. Jackson, C. M. : Am. J. Anat. 15 : 1 , 1913. 

4. Rous, Peyton; and McMaster, P. D.: J. E.xper. Med. 39:425, 1924. 

5. Hunt, H. R. : A Laboratory Manual of the Anatomy of the Rat, New 
York, The Macmillan Company, 1924. 
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:±: 1.72 Gm., and since the mean weight of the control group from which we 
derived our mean ratio of weight of liver to weight of body was 181.6 ± 3.6 Gm., 
a difference of only 6.7 rfc 3.9 Gm., we felt reasonably sure that we were dealing 
with a comparable group of animals and that our data would be reasonably 
accurate. The mean amount of liver removed from the entire group that survived 
^and formed the basis for the computation was 4.43 ±0.047 Gm. Since the mean 
preoperative weight of the liver of the experimental group was computed at 
6.27 Gm., we had removed on the average 70.6 per cent of the entire liver. A 
few animals were killed at frequent intervals during the first eighteen hours after 
operation for a study of cytologic changes in the residual lobes ; others were killed 



Body Weight in Grains — Group Operated On 

Fig. 2. — Distribution of the experimental group of animals in regard to the 
weights of liver removed at partial hepatectomy, plotted against weights of body. 

at longer interv^als during the entire period of restoration for determinations of 
the weight of the liver and the weight of the body, as well as for cytologic data. 
Experimental animals %vere killed 63 ’- exsanguination at each of the following inter- 
vals after partial removal of the liver, up to four weeks, when restoration was 
considered as essentially complete : from sixteen to twenty-four hours, from 
twenty-four to forty-eight hours, from forty-eight to seventy-two hours, from 
ninety-six hours to seven days, from seven to fourteen days, from fourteen to 
twenty-one days and from twent 3 '-one to twenty-eight days. 

Although the weight of the liver in our control group was found to be 0.0358 
of the weight of the bod 5 '’, it was nevertheless desirable to obtain a linear equation 
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which would best describe one variable in terms of the other; that is, weight of 
the liver in terms of weight of the body. Accordingly, for all animals of the 
experimental series, an equation expressing weight of the liver in terms of the 
variable weight of the body was computed from a knowledge of means, standard 
deviations and correlation coefficients. The linear equation computed on the 
basis of the data assembled from thirty animals of the control series was deter- 
mined as shown in footnote « and as shown graphically in figure 1. 

Comparable data were assembled for the entire series of 104 animals. Pre- 
operative weight of body and weight of liver, the amount of hepatic parenchyma 
removed at operation, the postoperative weight of body and liver and the net 
increase in amount of hepatic parenchyma for a given period were all determined, 
with their probable errors. The data on moist weight of liver assembled during 
the period of restoration for the 104 animals have been condensed in table 1. 


6. X equals weight of body; y equals weight of liver; number of animals, 30. 
vlx (mean) = = 181.6133 

v2x = = 33,830.087 


u2x = v2x — (vlx)2 = 851.52 

5i (standard deviation of x) = V U;x or 29.18 

viy (mean) = — = 6.505 


vir = 


13 06.2744 
30 


= 43.54248 


ujy = vjy -}- (vly)’ = 1.2274 
Sy (standard deviation of y) = 
36032.906 

vxy = — w 


= 1201.096 


V u-y or 1.1078 


Uxy = Vxy — (vix) (v.y) = 1201.096 — 1180.460 = 20.636 


Tiy (correlation coefficient) = = 0.6383 

Formula : y — mean y = riy x — mean x 

<Tx 

y — 6.505 = 0.6383 (x — 181.61) = 0.02423 (x — 181.61) 

= 0.02423x — 4.400 
y= 0.02423x -f 2.105 
ory= 0.024i -f- 2.1 — working formula 

The standard deviation of the weight of the liver about this regression line was 

computed by the formula 

5y.i= V5y2(l-rij-2) in which r is the correlation coefficient 
= V (1.1078)= (1-0.6383=) • 

= 0.8528 or the standard deviation of the weight of the liver. 
The probable error of the mean weight of the liver is equivalent to 

0.6745 

V n-l 

Accordingly, the preoperative mean weight of the liver for each group of animals 

was computed on the basis of the formula y = 0.024 x -f 2.1 ± — in which 

Vn-l 

X equals weight of body and y equals weight of liver. For illustration, in the first 
group of fourteen animals in the experimental series, killed from sixteen to 
twenty-four hours after surgical removal of the liver, the mean weight of the liver 
was computed as follows: Mean weight of body was 174.5 ± 5.36 Gm. Mean 
' 0 5752 

weight of liver was 0.024 X 174.5 -f- 2.1 ± ■7=ff== 6.288 ± 0.1595. The actual 

weights of the hepatic parenchyma removed surgically were determined- the 
mean weight of the liver removed, with its probable error, was 4.19 ± 0.1242 Gm. 
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Besides the series of animals the data on which are compiled in table 1, a 
second series of animals consisting of sixty-nine rats was used to determine the 
weight of the dr}’^ liver during restoration. The animals were killed by exsan- 
guination and after taking the weights of the moist livers the livers were 
weighed after three weeks of thorough desiccation in an incubator at from 98 to 
100 C. Computation of weights of both the moist and the dry livers of a control 
group, within the limits of bodj' weight of 125 and 225 Gm., showed that in our 
control group with a mean weight of the body of 177.1 ± 7.870 Gm., the weight 
of dry liver was 28.7 per cent of the weight of moist liver and 1.042 per cent 
of the weight of the body. 

In this series, as in the other, the preoperative weight of liver was determined 
by the formula y = 0.024 X + 2.1 in which ,r is the weight of the body, 

Vn-l 

y the weight of the liver and « the number of animals used. The preoperative 
weight of dry liver was then computed on the basis of the control observation that 
the weight of dry liver is 28.7 per cent of the weight of moist liver. The percen- 
tage of the preoperative weight of dry liver in relation to the weight of the body 
was thus determined for all experimental animals in this series, as well as that of 
the weight of the residual dry hepatic parenchyma remaining in the peritoneum 
after operation. The postoperative weight of the body and weight of the dry liver 
with their probable errors were computed during the period of restoration at the 
intervals noted and the increase of weight of dry liver, in grams, was determined. 
The data assembled from the experimental scries on the weight of dry liver during 
restoration have been condensed in table 2. 

EXPERIMENTAL OBSERVATIONS 

The rats ordinarily withstood operation exceedingly well, and sur- 
gical mortality was low. Postoperative mortality, however, was higher, 
owing essentially to the pulmonary complications so often encountered' 
in these animals ; mortality rates as high as 25 per cent occurred. There 
were no indications that any of the normal physiologic processes were 
disturbed, except for temporary loss of weight. Occasional gross indi- 
cations of anemia were manifest, but blood counts taken on a number 
of rats during the period of restoration did not reveal variation other 
than would be encountered in the normal rhythm. Loss of weight 
of varying duration always accompanied partial hepatectomy. That 
this loss was not due to hepatectomy alone was concluded from an 
experiment, the graph of which is shown in figure 3. Three series of 

The difference between the mean weight of the liver prior to operation and the mean 
weight of the liver removed at operation constituted the mean weight of the 
remnant of hepatic parenchyma remaining within the body; this was found to 
be 2.098 ± 0.2021 Gm., in which the probable error of the difference was deter- 
mined by the square root of the sum of the probable errors of the original mean 
weight of the liver and of that of the actual parenchyma removed. When the 
animals were killed for data on restoration, the actual weights of the liver at 
death were taken, and the mean with its probable error was determined. The 
difference between the mean weight of the remnant of the liver at operation and the 
rnean weight of the liver at death constituted the actual increase during restora- 
tion ; this was 0.752 ± 0.2290 Gm., in which the probable error of the difference 
was computed as indicated. 




* 2S.7 per cent of moist, 
t In relation to weight of body. 
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rats of comparable ages and weights, including a normal group not 
subjected to operation, a group in which simple laparotomy was per- 
formed, and a group consisting of sixteen partially hepatectomized 
animals, were maintained on identical diets and weighed daily for thirty 
days. Daily fluctuations were encountered in the group not operated 
on, but a moderate increase in weight took place during the period of 
observation. In both the series subjected to simple laparotomy and 
the series partially hepatectomized a loss of weight involving from 
12 to 15 per cent of the original weight was encountered during the 
first ten days following operation. Return to normal weight was 
slightly more rapid if laparotomy was performed than if hepatectoray 
was done, and at the end of thirty days, the period selected as ordi- 



Fig. 3, — Body weights for twenty-eight days in (a) normal series, not operated 
on, (&) normal series subjected to laparotomy and (c) partially hepatectomized 
series. 


narily required for complete hepatic restoration, both series had prac- 
tically returned to their preoperative level. Consequently the loss of 
weight sustained in our entire experimental series was probably corre- 
lated more with operative procedure than with hepatic insufficiency. 
Anesthesia in itself bore no relation to loss of weight of the body. 

Figure 4 shows isolated stages in the restoration of the liver at 
intervals, and figure 5 indicates graphically the percentage of removal 
in our entire experimental group together with the percentages of 
restored hepatic parenchy'’ma which we encountered, at the intervals 
noted, during the entire period. 

It is clear from a study of the data, in tables 1 and 2, on the 
weights of moist and dry liver during the period of restoration, and 
from the graph of the increase in weight of the liver in each 100 Gm. 
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Two weeXs Three wed^ Ihur weeks 

Fig. 4. — Liver of the normal rat at operation and at weekly intervals during 
restoration. 




Restoration of the livep following* partial hepatectomy 


Fig. 5, — Percentage of liver removed at operation in relation to total weight 
of liver and percentages of restored weights of liver at intervals during restora- 
tion. 
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of body weight during the period, that recovery from partial removal 
does not take place hy uninterrupted continuous growth (fig. 6). The 
growth rather is cyclic, and thus comparable to many other biologic 
phenomena. 

The initial response hy the hepatic remnant was slight hypertrophy 
of both cytoplasmic bodies and nuclei. Mitosis began during the latter 
part of the first day, but division of cells was not active until the 
second and third days, when the most active increase in the liver, for 



Fig. 6 — Increase (grams) in weight of moist liver, weight of fluid and weight 
of dry liver during restoration. 

each 100 Gm. of body weight, took place. With the increase in actual 
dry parenchyma the fluid intake was most marked during the second 
and third days, so that the percentage of the daily increment for this 
period reached 136. During the fourth, fifth and sixth days the 
increase in parenchyma fell, and the fluid intake was appreciabl}^ less, 
so that the percentage of the increment reached as low as 2. Following 
this period of relative inactivity a second, but less marked, period of 
growth occurred, during the second week, when the percentage of the 
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daily increment was computed at 8. A period of lesser activity followed 
the second wave, so that the daily percentage of the increment during 
the latter part of the period of restoration fell as low as 1. Figure 7 
shows the percentage of restored weight of liver in relation to weight 
of body at intervals during the entire period, and it is clear that as 
far as the ratio of weight of the liver to weight of the body is con- 
cerned, restoration is essentially complete by the tenth day. The ratio 
of weight of dry liver to weight of body (0.0103) and the ratio 
of weight of moist liver to the weight of body (0.0358) were obtained 
at that time. But since weight of the body was considerably below 
the preoperative level during the period from the tenth to the fourteenth 
days, restoration could not be said to be complete as soon as the normal 
preoperative ratios had been regained. 



Fig. 7. — Percentages of weight of liver and weiglit of moist liver in 
relation to weight of body during restoration. 

Following partial removal there is a rapid rise in the percentage curve 
of dry weights in relation to moist weights, reaching the peak of 34.1 
at the end of the first day. This is considerably higher than the normal 
ratio of 28.7, and is probably due to two factors : a certain increase in 
actual parenchyma and loss, of water pursuant to operation. Increase 
of fluid was noted at the end of the first day; it was greater than 
the increase of parenchyma and the percentage dropped to 27.3 by 
the sixth day. The rapid increase in hepatic parenchyma which occurred 
between the sixth and the tenth days again raised the percentage to 
31.7; and then, owing again to increase of fluid, the percentage of 
dry weight in relation to moi.st weight was reduced to a figure below 
that accepted as the normal. 
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Thus the rate of restoration, although somewhat retarded during 
the first day, reached its peak during the third day, when the average 
daily increase of the liver for each 100 Gm. of body weight was 
approximately 1 Gm. This rapid rate was followed by a decline in 
acceleration, when daily increases as low as 0.4 Gm. for each 100 Gm. 
of body weight were recorded. A brief positive acceleration in the 
rate soon followed, reaching only 0.15 Gm. a day; the rate then gradu- 
ally dropped, so that during the concluding days of the period of 


■Rate of restoration -x 



Fig. 8. — Graph of the rate of restoration of the liver, for each 100 Gm. of 
Aveight of body during restoration. 

observation a rate of restoration of only 0.03 Gm. of hepatic paren- 
chyma for each 100 Gm. of body weight was recorded (fig. 8). 

COMMENT 

The data in table 1 indicate that there was considerable uniformity 
in the weights of the bodies and in the weights of the livers of the 
control animals and of the animals killed at stated intervals during 
the period of restoration. Furthermore, in so large a series of cases 
of partial hepatectomy it is of interest to note the constant amount 
of hepatic parenchyma removed from anim'als of these seven groups, 
as indicated in the sixth column of table 1. In some cases, as in 
group 7 , in which the mean weight of the body and the mean weight 
of the liver were lower than in certain others, an amount of parenchyma 
was removed equal to or greater than that taken from animals with 
larger livers. In those groups a smaller hepatic remnant formed the 
basis for the ensuing restoration. 
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The onset of restoration occurred during the latter part of the 
first twenty-four hours after operation. Mitotic figures were encoun- 
tered, although they were not abundant — and yet an actual mean paren- 
chymal increase of 0.752 Gm. occurred in the group of fourteen animals 
— during the first twenty-four hours. There was a certain amount 
of nuclear and cytoplasmic hypertrophy during this early period, which 
with the slight mitotic activity no doubt accounts for the increment. 
On the basis of body Aveight, the increment of moist liver was 0.458 
Gm. for each 100 Gm., whereas 0.304 Gm. was the corresponding 
increase of dry parenchyma. Of the moist increment during this 
early period, tissue fluids constituted only 33 per cent, a figure con- 
siderably lower than the normal fluid content (71.3 per cent) and 
indicating strikingly a marked decrease in the water balance following 
partial hepatectomy. 

During the second day, following partial removal, although a 60 
per cent increase in moist parenchyma was recorded, this was found 
to be mainly fluid, for a slight decrease in dry parenchyma for each 
100 Gm. of body weight was encountered. During the third day the 
percentage of the increment reached the highest level attained during 
the entire period of restoration, 136 per cent of the total restored liver 
at the end of the second day. The percentage of the dry increment 
was 61, and the fluid content was more nearly that of normal liver. 

Following this rapid increase in the rate of restoration and in 
the amount of restored liver there was marked cessation in hepatic 
activity. The total restored weight of dry liver for each 100 Gm. 
of body weight during the period from the fourth to the seventh days 
was less than that recorded at the end of the third day, owing essentially 
to an increase in body weight. The percentage of the restored weight 
of liver in relation to weight of body during this period, however, 
was 0.03072, a figure considerably higher than that at the end of the 
third day, indicating that the ratio was fast approaching the figure 
accepted as the normal for our experimental group. 

During the second week, a second impetus to restoration occurred, 
so that a percentage of weight of liver in relation to weight of body 
of 0.03523 was recorded. This was essentially the ratio that we 
accepted for our control series, and since the actual dry parenchyma 
was essentially comparable in weight with that of a normal rat of 
corresponding size one may say that restoration was complete, at this 
time. Although there were frequent fluctuations in the weight of the 
liver during the latter part of the four weeks of observation, the changes 
were due to the intake of fluid rather than to hyperplasia. In fact 
the greatest increase of dry parenchyma was attained during the second 
week after removal, and the ratio of dry weight of parenchyma to 
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body weight was 1.048, a figure somewhat higher than that accepted 
for our control group. The moist weights, it will be noticed, continued 
to show an increase after the second week. Although the normal ratio 
of moist weight of liver to weight of body was essentially restored 
by the fourteenth day, an increase in weight of moist liver actually 
ensued for the remaining two weeks of the period of observation. 
This increase was again due to the intake of fluids. During the second 
week the weights recorded for the moist and diy restored liver showed 
a content of fluid of 64 per cent. During the third week the content 
of water rose to 72 per cent, the figure accepted as essentially normal 
for our control group, and maintained that level throughout the period 
of observation. 

The manifestations of cyclic restoration in the liver were of interest. 
At the end of the first day the dry hepatic parenchyma, on the basis 
of 100 Gm. of body weight, was 67 per cent of the moist weight, 
showing a fluid content of only 33 per cent. During the second day, 
although a marked increase in actual parenchyma had taken place, 
its dry weight represented only 40 per cent of the moist weight, 
indicating marked intake of fluid. At the end of the third day, during 
which the percentage of the actual increment reached a peak, the 
weight of dry parenchyma further dropped to 30 per cent of the moist 
weight, again indicating marked intake of fluid. During the interval 
between the fourth and the seventh days, when the daily percentage 
of the increment dropped exceedingly low, the hepatic cells continued 
to take up water, so that the percentage of dry weight to moist weight 
fell to 26.4. Between the seventh and the fourteenth days we encoun- 
tered a further increase in cellular activity. The daily percentage of 
the increment had increased, mitosis was frequent, and the percentage 
of the fluid, which had reached its maximum during the period from 
the fourth to the seventh day, fell to 62. During the third and fourth 
weeks the cyclic changes were less marked. The normal water balance 
had been restored, there were no marked increases in the dry parenchyma, 
and the percentage of the dry rveight in relation to moist weight 
hovered around 28.7, the figure accepted as the normal in our control 
group. 

The greatest impetus to restoration occurred during the third day 
when the percentage of the increment reached 136. 

These observations are considerably in accord with those of Zeleny,' 
who studied the rate of regeneration of the tail of Rana clamitans. 
He showed that the rate was slow at first, but soon increased rapidly 
to a maximum three or four days following surgical removal. The 


7. Zeleny, Charles: Illinois Biol. Monog. 3:1, 1916. 
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decline in the rate from the maximum was rapid at first, and then 
somewhat more gradual until zero was approached toward the end 
of the period of regeneration. To be sure, the gap between the caudal 
appendage of a cold-blooded amphibian and the liver of a warm-blooded 
mammal is phylogenetically great, yet this identity in rate of recovery 
following removal is biologically significant. Zeleny did not encounter 
positive acceleration after the initial acceleration of the fourth day, 
and the negative acceleration recorded by him' was somewhat more 
gradual than the one recorded here for the liver. During the first 
four days the material present at the level of the injury to the amphibian 
tail was composed of cells that had migrated from residual tissue, and 
mitosis did not begin until after the fourth da 3 \ In the liver of the 
mammal, on the other hand, there was no migration of cells, as far 
as we know, except perhaps slight infiltration of the mesenchyme, and 
mitosis was well under way at the end of the first day and continued 
rapidly during the first few days. Zeleny stated that cellular differen- 
tiation impeded the rate of regeneration. A rapid rate, following 
soon after operation, gave rise to a zone of undifferentiated cells. As 
these transformed and assumed functional characteristics, as muscle or 
connective tissue fibers, the rate in further regeneration sharply 
declined, and negative acceleration was at its height. We have no data, 
physiologic or cytologic, that differentiation induced the marked negative 
acceleration encountered soon after the third day in the restoration of 
the liver of the rat. The cytologic appearance suggested activity of 
both parenchyma and biliary epithelium. Budding bile ducts, pro- 
liferating mesenchyme of the portal spaces and dividing cells of the 
parenchyma all contributed to the rapid increase in weight. Zeleny 
did not encounter a second impetus to restoration such as our figures 
have disclosed. ■ Zeleny further showed that the rate of a second regen- 
erative process somewhat exceeds that of the first regeneration follow- 
ing amputation of the tail. He has further shown that within certain 
limits the rate of regeneration from an injured surface is not retarded 
by simultaneous regeneration of parts in other regions of the body. 
It would be interesting to know whether additional injury to the mam- 
mal, such as splenectomy or nephrectomy, would modify the rate 
or the extent of restoration of the liver. 

SUMMARY 

Studies are reported on the rate and extent of restoration of the 
liver of the white rat following partial sm-gical removal. Moist weights 
and dry weights of the hepatic parenchyma have been taken on a 
series of rats killed at intervals during the period of restoration, and 
the assembled data have been condensed in tables 1 and 2. 
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Restoration began during the latter part of the first day following 
the removal of 70 per cent of the liver, and the preoperative ratio of 
weight of the liver to weight of the bod}' was essentially restored at 
from the tenth to the fourteenth day. The more rapid rate of restora- 
tion took place during the third and fourth days. Since transient loss 
of body weight ensued on operation and was not essentially recovered 
until after from twenty-five to twenty-eight days, hepatic restoration 
was determined as complete at this time. 

The liver, during the restorative period, disclosed cyclic activity. . 
The most rapid restoration, as evidenced by mitosis and dry weights, 
occurred during the third day. In the period from the fourth to the 
seventh da 3 's the liver Avas less active cytologically, except for a marked 
increase in the intake of fluids. The period from the seventh to the 
fourteenth days was marked by a further increase in the amount of 
parenchyma and by the essential restoration of the normal ratio of 
the weight of moist and that of dry liver to the weight of the body. 
Further increase in the weight of the liver after the fourteenth day 
was essentially due to an increased intake of fluid. 
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In a previous paper/ we reported on transplantation of tissues in 
relation to individuality differentials in two strains of rats that had 
been inbred by Dr. King for many years and through many consecutive 
generations by the process of mating brother and sister rats. The 
majority of the rats used in these earlier experiments had been 
inbred through from thirty-seven to thirty-eight generations, while a 
smaller number had been inbred through from forty-six to forty-seven 
generations. In these investigations we obtained the rather unexpected 
result that notwithstanding the long-continued close inbreeding the 
individuality differentials of the inbred rats had not become to any 
marked degree more similar to each other, although there was a dis- 
tinct indication that slight progress toward greater similarity of the 
differentials had been accomplished. These results were in marked 
contrast to those found by Loeb and Wright ■ in transplantation of 
tissues in inbred strains of guinea-pigs. Here the individuality differ- 
entials of the members of an inbred strain had become much nearer 
to each other ‘than the average individuality differentials of ordinary 
noninbred guinea-pigs or of inbred rats of strain A or strain B, 
although the inbreeding of the guinea-pigs had been continued through 
a much smaller number of generations. We suggested that the differ- 
ence between the behavior of rats and guinea-pigs might be due to the 
selection in the case of the rats of the most vigorous individuals in each 
litter for further propagation of the strain. It was also conceivable 
that a greater number of spontaneous mutations take place in the rat 
than in the guinea-pig. In addition there is the possibility that the 
litters belonging to the same inbred strain between 'which the exchange 
of tissues or organs took place happened, in the case of the rats, to be 
further distant from each other than in the case of the guinea-pigs. 

* Submitted for publication, Jan. 31, 1931. 

*From the Department of Pathology, Washington University School of 
Medicine, St. Louis, and the Wistar Institute, Philadelphia. 

1. Loeb, Leo, and King, Helen D. ; Am. J. Path. 3:143, 1927. 

2. Loeb, Leo, and Wright, Sewell; Am. J. Path. 3:251, 1927. 
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Under these conditions, it was thought to be of interest to continue and 
to extend these investigations in order to obtain, if possible, a confirma- 
tion of the former results ; furthermore, we wished to determine whether 
inbreeding by successive matings of brother and sister rats, if still 
longer continued, would gradually increase the similarity between the 
individuality differentials of different litters within the same strain. 

We were able to use, in these continued experiments, rats of 
strain A, as well as of strain B, which had been inbred by matings of 
brothers and sisters through from sixty to sixty-seven generations. 
First, however, we shall report on transplantations from rats belonging 
to strain A to rats belonging to strain B and vice A’-ersa. - The results 
thus obtained Avill serve as a standard with which to compare the results 
of transplantations Avithin the inbred strains A and B. 

SERIES 1: TRANSPLANTATIONS OF TISSUES FROjAI STRAIN A TO 
STRAIN B OR AOCE A^ERSA 

Altogether 32 experiments in Avhich tissues Avere transplanted from 
strain A to strain B or vice versa AA^ere carried out. In each case thyroid 
gland and cartilage and rats belonging to generations 60 to 66 Avere 
used for the transplantations. In the large majority of the experiments 
the specimens were examined betAveen 19 and 25 days after the graft- 
ing, but in some cases they remained in the host for shorter or longer 
periods, in a few animals for as long as 60 and 100 days. 

Transplantation of Thyroid Gland. — In a considerable, number of 
animals the thjToid transplants were replaced by dense fibrous tissue 
in Avhich Avere some remnants of blood pigment and collections of 
lymphocytes varying in size and density in different cases. This char- 
acter was shoAvn by the specimens examined after 60 and 100 days. 
In other rats remnants of thyroid acini Avere found in the periphery of 
the fibrous tissue. To a large extent these acini were without colloid 
and Avere surrounded b}'- fibrous tissue Avhich compressed them ; but in 
other cases, in addition, some acini Avith colloid Avere preserved. How- 
ever, as a rule, the number of the latter was restricted; and besides, 
the ring of these peripheral acini was not complete, and there was an 
excess formation of fibrous tissue surrounding them. Lymphocytes 
penetrated into the transplant and invaded and destroyed the acini. 
This lymphocytic infiltration was in some cases so intense that there 
resulted a picture almost resembling a lymph gland; also around the 
transplant as a whole, a dense lymphocytic infiltration could be noted, 
and Avherever the infiltration was marked, the lymph A'^essels were stuffed 
Avith lymphocytes. Thus, in every instance, a great part of the thyroid 
transplant had been destroyed. There Avas also a partial destruction of 
the parathyroid due to infiltration with lymphocytes, and, furthermore, 
there Avas infiltration in the surrounding fat tissue. 
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Transplantation of Cartilage, Fat, Bone, Bone Marrow and Striated 
Muscle Tissue. — The cartilage transplant, in general, remained alive, 
especially if the piece of cartilage which was used for grafting was thin. 
Where it was thick, as it always is near the epiphyseal line, necrosis 
and solution often occurred in the center of the cartilage. Occasionally, 
however, owing to accidental conditions, such as injury during the 
operation or pressure exerted on the transjdant later, there developed 
necrotic areas of variable length also in other parts of the cartilage. 
Frequently, but not in ever}'^ case, islands of new cartilage were formed 
by the perichondrium around such necrotic areas, and this newly formed 
cartilage, usuall}' consisting of small cells, penetrated into the necrotic 
cartilage and replaced it, at least in certain areas. Where the cartilage 
was thicker and where more intercellular hyaline substance was formed, 
the connective tissue and lymphocytes could readily push their way into 
it and partly destroy it. On the other hand, connective tissue and 
lymphocytes did not usually penetrate into cartilage consisting mainly 
of living cells. Furthermore, solution in the form of vacuoles in the 
intercellular substance of the cartilage occasionally could be se'en. 

In a number of cases we found the bone surrounded by a cellular 
tissue that evidently took its origin from the epiphyseal cartilage ; from 
here the cells extended upward around the bone; at first a cellular 
cartilaginous tissue developed, which then gradually at a greater distance 
from the epiphyseal line changed into an osteoid tissue. The bone 
marrow was mostly replaced by loose or myxoid connective tissue, with 
or without addition of lymphocytes ; other connective tissue penetrated 
into the bone marrow from the direction of the cut end of the bone ; 
however, in certain places, there was still some necrotic bone marrow 
left, while only very rarely was any living marrow observed. Occa- 
sionally, connective tissue and lymphocytes penetrated even from the 
bone marrow into the epiphyseal columns of cartilage cells. In addition, 
in a number of specimens, remnants of striated muscle tissue, with 
chains of nuclei situated in the muscle fibers, which under these condi- 
tions were very thin, were visible, usually surrounded or invaded by 
much lymphocytic infiltration. 

The fat tissue around the cartilage showed great variability as far 
‘as preservation was concerned. Almost always there was some increase 
in the connective tissue between the fat cells, and, in many cases, a 
great part of the fat tissue had been replaced by fibrous tissue ; usually, 
however, some remnants of fat tissue were left between the strands 
of fibrous tissue. In some cases, especially in the specimens 60 or 
100 days old, hardly any fat tissue remained around the cartilage. 
Not rarely we found in the remaining fat tissue the development of 
cystlike cavities due to the coalescence of adjacent fat cells. In addition 
areas of necrosis were occasionally seen in the fat tissue usually adjoin- 
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ing necrotic areas in cartilage. As far as the lymphocytic infiltration in 
the fat tissue was concerned, it was either diffuse or localized especially 
around blood vessels in the fibrous bands traversing the fat. There 
usually were also some strands of lymphocytes in the fibrous tissue 
along the border of cartilage. However, in different cases the amount 
of lymphoc}d:ic infiltration varied greatly, and especially in specimens 
taken out at later periods, as, for instance, 60 or 100 days after trans- 
plantation, the lymphocytic infiltration was usually slight. On the other 
hand, in specimens removed at earlier periods it was generally marked, 
although, as stated, varying much in different transplants. Around the 
periosteum and the border between bone and cartilage there were also 
in some cases much fibrous tissue and a variable amount of lympho- 
cytic infiltration. 

SERIES 2; HOMOIOTRANSPLANTATION 

We made two additional experiments in ordinary homoiotransplan- 
tation in noninbred rats, in order to compare the results with the results 
of the transplantations from strain A to strain B and vice versa. In 
these cases the examination took place twenty and twenty-two days after 
transplantation. Thyroid tissue was not preserved, only fibrous and 
fat tissue, with lymphocytic infiltration being found. On the other 
hand, as usual, the cartilage was, on the whole, well preserved, although 
the center, where the cartilage was thicker, was necrotic. Where the 
cartilage was thinner, some areas of necrosis were found, and plates of 
regenerated cartilage or connective tissue surrounded and grew into 
the necrotic cartilage and destroyed it. The columns of large bluish- 
staining cartilage cells were at least partly preserved near the border 
between bone and cartilage. The bone cells were mostly necrotic, 
but attached to the periosteum were areas that were alive. Again 
cartilage cells developed in the direction from the epiphyseal cartilage 
toward the bone, and the newly developed tissue surrounded the latter. 
At first the cartilage cells still possessed capsules, but farther away 
from the cartilage this tissue passed into an osteoid tissue. Bone mar- 
row away from the cut side was necrotic, while nearer the cut end it 
was invaded by connective tissue. Around the cartilage there was 
fibrous tissue with some remnants of fat tissue and with masses of 
lymphocytes here and there. There was also some lymphocytic infiltra- 
tion in fat tissue, and there was much fibrillar connective tissue around 
the cartilage. On the whole, no definite difference was noticeable 
between the results of transplantation of tissues from strain A to 
strain B or vice versa and the results of ordinary homoiotransplantation. 
We may then conclude that the transplantations from strain A to strain 
B and vice versa corresponded to homoiotransplantations. If we com- 
pare the results of these experiments with those obtained in our earlier 
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homoiotransplantations of thyroid and cartilage in the rat,® we find 
them, on the whole, similar. Considering separately the results in the 
experiments in which the examination of the thyroid grafts took place 
between the eighteenth and the thirtieth day, we find in twenty-six 
animals marked reactions, corresponding to the typical effects of 
homoiotransplantation. In five animals we obtained reactions inter- 
mediate between those seen after syngenesiotransplantation and those 
seen after homoiotransplantation, and in five animals effects t 3 '^pical of 
syngenesiotransplantation were found. When we transplanted cartilage 
and adjoining tissue we found in series 1 in twelve cases effects typical 
of homoiotransplantation or intermediate between those of homoio- 
transplantati6n and those of syngenesiotransplantation, while in three 
animals effects typical of syngenesiotransplantation were obtained. Later 
than thirty days, in a number of cases, a recovery of some transplants 
apparently took place ; however, it is possible that a relationship 
between host and donor may have complicated the latter result. Trans- 
plantation from white into colored strains of rats led to still more 
decided reactions, corresponding in every case to very marked 
homoioresults. 

SERIES 3: TRANSPLANTATION WITHIN INBRED STRAINS 

Strain A . — ^We shall now compare with the results obtained in trans- 
plantations from strain A to. strain B and vice versa or in ordinary 
homoiotransplantations our more recent results in transplantations 
between different litters within the inbred strain A. We carried out 16 
experiments of this kind. Thyroid gland and cartilage were used for 
grafting. In 8 experiments the animals belonged to the sixty-fifth, 
• sixty-sixth and sixty-seventh generations of strain A; the transplants 
remained in the hosts for from 15 to 20 days. In the other 8 experi- 
ments generations 60 to 63 were used. In these cases the pieces 
remained in the hosts for periods varying from 25 to 100 days. 

In general, the results in this series were not very different from 
those obtained when tissues were exchanged between strains A and B. 
Although we used animals inbred by means of successive matings of 
brothers and sisters through from 60 to 67 generations, no noticeable 
approach to a homozygous condition in the constitution of these animals 
had been accomplished. The results were therefore very different from 
those characteristic of autotransplantation. In only 5 of the 16 experi- 
ments were remnants of the thyroid gland found. In the rest of them 
merely fibrous tissue with more or less lymphocytic infiltration and 
some fat tissue remained from the thyroid transplant. In those in 
which thyroid tissue was preserved, two specimens were examined after 


3. Loeb, Leo: Am. J. Path. 2:302 and 315, 1926. 
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15 days, two after from 20 to 25 days and one after 100 days. But 
even in all of these the transplants differed very much from auto- 
transplants. In every case more or less thyroid tissue was destroyed, 
and many acini were without colloid and compressed; correspondingly 
there was usually much increase in connective tissue around the acini 
and around the whole of the transplant and the lymphoc}1;ic infiltration 
was marked, especially in places where well preserved acini were still 
present. In one case the specimen appeared so densely infiltrated with 
lymphocytes that the apjDearance almost of a lymph gland was produced. 
Frequently, the lymph vessels were stuffed with lymphocytes. In a 
specimen examined after 100 days, connective tissue with lymphocytes 
replaced a great deal of the thyroid transplant ; there was ifiuch increase 
of connective tissue and in places much lymphocytic infiltration around 
and between the acini. 

As to our results after the transplantation of .cartilage, bone, muscle 
and fat tissue, they resembled very much those noted after transplanta- 
tion of these tissues from strain A to strain B and vice versa. In 
general, the cartilage was well preserved, but there were in some speci- 
mens areas of necrosis, sometimes adjoining necrotic areas in fat tissue. 
While the fat tissue was usually not completely destroyed, it was always 
invaded and often more or less replaced by fibrous tissue. Also the 
number of lymphocytes was variable in different specimens, but usually 
the lymphocytic infiltration was much less intense than after trans- 
plantation of thyroid glands. In some specimens regeneration of 
perichondrial cartilage had taken place around necrotic cartilage; but 
parts of this regenerated cartilage could again become necrotic. While 
lymphocytes grew into necrotic cartilage in places, only exceptionally 
they penetrated into regenerated cartilage; for the most part they 
remained outside or penetrated only a little way into the perichondrium. 

In the large majority of the cases bone marrow was replaced by 
fibrillar or myxoid connective tissue. The bone cells were generally 
necrotic, although some of them were occasionally preserved. Only in 
one case did we find some remnants of transplanted regenerated muscle 
tissue, in the form of chains of nuclei lying in thin muscle fibers. On 
the whole, the lymphocytic infiltration varied much in different cases 
and in different places; the relative proportion of fat tissue and of 
fibrous tissue replacing it varied also in different cases. 

Strain B . — ^Within the inbred strain B, thirty-three experiments were 
carried out; in all cases thyroid 'gland and cartilage with adjoining 
tissues were transplanted, except in one instance in which ovary and 
uterus were used instead. The exchange of tissues was made between 
different litters of rats belonging to generations 60 to 66. In the large 
majority of cases, the examination took place between the twentieth and 
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the t\vent 3 ^-sixth clay, but in two experiments it occurred after thirty 
and thirty-five da 3 '^s, respectivel 3 ^ in two experiments after forty days 
and in two experiments after 60 da 3 ’^s. 

In this series the results were better than those obtained in strain A ; 
this becomes especially evident if we divide the experiments into 
two groups, the first one consisting of thirteen experiments, in which 
animals belonging to generations 64 to 67, and the second one consist- 
ing of twenty experiments, in which rats belonging to generations 60 
to 63 were used. In the first group the results were decidedh' better 
than those obtained after homoiotransplantation and after transplanta- 
tion from strain A to strain B or vice versa. There were four experi- 
ments in which the results approached those of autotransplantation ; 
this was true of the transplantation of tlwroid gland, as well as of that 
of cartilage. In four other experiments the results were intermediate 
between those in syngenesiotransplantation and those in homoiotransplan- 
tation. In five experiments the results of marked homoiotransplantation 
were obtained ; of the thyroid transplant, only fibrous tissue remained, 
and of the fat tissue around the cartilage, the greater parts had been 
replaced by connective tissue. Likewise, Instead of bone marrow, loose 
connective tissue was found. In these cases, there was usually pro- 
nounced lymphocytic infiltration. 

In the second group, there were two experiments in which the 
tissues were like autotransplants ; in two or three other experiments the 
transplants resembled syngenesiotransplants, or they were midway 
between syngenesiotransplants and homoiotransplants. In the remain- 
ing fifteen experiments results characteristic of homoiotransplantation 
were obtained. 

In general, then, there are noticeable in these experiments some 
beneficial effects from close inbreeding, but they are not pronounced. 
In the later generations the results are better than in generations 60 to 
63. However, this may be due to a coincidence, because it is not prob- 
able that on reaching the sixty-folirth generation a sudden change 
occurred that led to a greater homogeneity of the individualit 3 '- differen- 
tials. It is more probable that in the later generations the litters between 
which an exchange of tissues took place happened to be nearer related 
to each other, having split off from their common ancestors only at a 
relatively recent date, while in earlier generations they had presumabh^ 
separated for a longer period. 

In those cases in which grafts resembled autotransplants, we found 
a well preserved ring of acini, with good colloid, surrounding a relatively 
small amount of central connectiA'e tissue. Cartilage and fat tissue were 
well preserved, while bone marrow was usually at least partly preserved. 
In some cases, however, owing to accidental conditions, part of the 
cartilage was necrotic. LymiDhocytic infiltration Avas lacking, and the 
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columns of cartilage cells near the bone were usually well preserved. 
In other instances there was associated with such results a slight, but 
distinct, lymphocytic infiltration, as an indication of a slight incom- 
patibility between the differentials of host and transplant. Where 
reactions typical of homoiotransplantation were obtained, the thyroid 
tissue was as a rule entirely replaced by fibrous tissue, in which there 
were visible lymphocytic infiltration and remnants of blood pigment or, 
in other cases, remnants of acini lying at the periphery of dense 
fibrous tissue; in addition, fibrous tissue enclosed as a capsule and 
invaded the remnants of thyroid gland, and at the same time in some 
cases there was noticeable pronounced lymphocytic infiltration. In the 
majority of these acini the colloid had been lost, and as the result of 
pressure the acini were gradually destroyed. Around the cartilage the 
fat tissue had to a large extent been replaced by connective tissue, 
containing variable amounts of lymphocytes. There was a layer of 
lymphoc}d;es, more or less complete, also around the cartilage. The bone 
marrow was fibrillar. 

Conditions intermediate between these extremes of grafts resembling 
autotransplants and homoiotransplants were also obtained. In such an 
intermediate process, corresponding to the kind typically seen in syn- 
genesiotransplants, we found; for instance, twenty days after trans- 
plantation, a ring of acini with preserved colloid; there were dense 
masses of lymphocytes in the periphery of the transplant and also in 
the adjoining fat tissue. Likewise the parathyroid tissue was well 
preserved, and there were numerous mitoses in parathyroid cells ; at the 
same time we found masses of lymphocytes in such a specimen, but no 
increase in connective tissue. Cartilage and surrounding fat tissue were 
thus, on the whole, well preserved in these transplants. 

If we compare our results of transplantations within the inbred 
strains A and B with those obtained in transplantations from A to B 
or from B to A or in ordinary homoiotransplantation, we find on 
the whole the results in the former two series slightly better than those 
in the latter. However, the number of transplantations in strain B in 
which results corresponding to autotransplantation were obtained is 
greater than may be expected in ordinary homoiotransplantation, but the 
average grade in these two series is only slightly higher than the grade 
found in homoiotransplantations. 

It is also of interest to compare the results obtained in inbred strain 
B with those in syngenesiotransplantation in not closely inbred families, 
although father and mother may have belonged to families that were 
related.^ In strain B, in the generations from the sixty-fourth to the 

4. Loeb, Leo; Am. J. Path. 3:45, 1927. 
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sixty-seventh, the results were: auto, 4 cases; syngenesiohomoio, 4 
cases; homoio, 5 cases. In the generations from the sixtieth to the 
sixty-third, the results were: auto, 2 cases; syngenesio or syngenesio- 
homoio, from 2 to 3 cases; homoio, 15 cases. In ordinary syngene- 
siotransplantation, the results were as follows: auto or approaching 
auto, 25 cases ; good syngenesio, 8 cases ; syngenesio, 6 cases ; syngene- 
siohomoio, 8 cases; homoio, 7 cases. If we consider separately the 
earlier cases, examined between nineteen and twenty-five days following 
transplantation, the results are still better: auto, 10 cases; syngenesio, 
1 case; syngenesiohomoio, 2. If we group together those specimens 
showing results typical of autogenous and syngenesiotransplantation 
(group 1), and the specimens showing results characteristic of 
homoiotransplantation and results intermediate between syngenesiotrans- 
plantation and homoiotransplantation (group 2), we find in ordinary 
syngenesiotransplantation thirty-four belonging to group 1 and fifteen 
belonging to group 2. While in strain B about eight belong to group 1 
and twenty-five to group 2. 

There is thus a marked difference between the results obtained in 
group B and in ordinary syngenesiotransplantation. It is possible that 
in the transplantations in strain B in which better results were 
obtained the two litters to which host and donor respectively belonged 
were more nearly related to each other than the average litters, and that 
in the majority of cases the two litters had been split off from the com- 
mon ancestor a considerable number of generations back. Yet, even if 
the splitting off occurred as early as after thirty generations of close 
inbreeding by successive matings of brothers and sisters, under ordinary 
circumstances we should have expected an almost complete homozygotic 
condition to exist at that time. Further separate propagation by brother 
and sister mating of two litters could have led to such unfavorable 
results, as far as an approach to a homozygous condition is concerned, 
only if we assume either that, as a result of selective mating in each 
successive generation, a homozygous condition had not yet been reached 
at the time when the splitting off occurred, or that the occurrence of 
mutations prevented the approach to a homozygous state. 

Stcmimry . — Our present results, then, confirm in all essential respects 
our former conclusions. Exchange of tissues between different litters of 
strain A and of strain B does on the average give results only very 
slightly better than those obtained in homoiotransplantation, and again 
we must point out the difference noted in inbred rats and guinea-pigs. 
In the latter the homozygous condition attained through continued 
mating of brother and sister generation after generation was much more 
definite, and the results of transplantation within the inbred families 
were much better, than we found in the inbred rats. 
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SERIES 4: EXCHANGE OF TISSUES BETWEEN DIFFERENT LITTERS 
OF THE GROUP (A X B) Fj 

Through mating of rats belonging to strain A with rats belonging 
to strain B a generation of hybrids, (A X B) Fj, was produced. These 
were then propagated through three or four generations of successive 
matings of brothers and sisters, so that (A X B) and F5 were 
obtained. Transplantations were then carried out from one litter to 
another litter of this kind, usually the animals belonging to generation 
F.J being used ; only in one case exchange of tissues took place between 
rats belonging to generation F.,. Altogether fourteen experiments were 
carried out in this series. In two of these ovaries and uterus, in the 
remaining ones, thyroid gland and cartilage, were transplanted. In two 
experiments in which ovaries and uterus were used, the examination 
took place after two and ten days, which represent too early a period 
for an exact grading of the results, as the full reaction had not yet 
developed at this period. However, already at this time definite lympho- 
cytic reactions were noticeable in the transplants, and in one case there 
were, in addition, much necrosis and connective tissue in the graft. 
In the twelve remaining experiments, the examination took place 
between the twentieth and the twenty-third day. In four of these 
experiments reactions approximately intermediate between those 
observed after syngenesiotransplantation and those after homoiotrans- 
plantation were obtained. Certain parts of the thyroid gland were 
preserved, but they were markedly invaded by lymphoc}i:es and were 
thus in process of destruction ; in addition, there was observed an 
ingrowth of connective tissue into the transplant. The cartilage was 
usually well preserved, but here also more or less lymphocytic infiltra- 
tion was found, and also in the fat tissue there was an increase of 
connective tissue and of lymphocytic infiltration. On the outside of the 
bone a formation of new cartilaginous tissue that graduall}'^ passed into 
osteoid tissue could be seen. The bone marrow was still in some places 
parti}' preserved and in other places was replaced by connective tissue. 
In the other eight specimens, marked homoioreactions were obtained; 
the thyroid glands usually were completely destroyed, and the fat tissue 
to a great extent was replaced by fibrous tissue. The bone marrow was 
replaced by connective tissue or was necrotic. However, in some cases 
regeneration of cartilage was noted in places where the cartilage had 
been wounded, or around necrotic cartilage; thus the necrotic material 
could be invaded and replaced by regenerating cartilage and, in addition, 
nodules of regenerating cartilage formed. In four experiments syn- 
genesiohomoioreactions and in eight marked homoioreactions were 
obtained. On the whole, the results in this series were therefore unfa- 
vorable and not much better than those seen in homoiotransplantation. 
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SERIES 5: TRANSPLANTATION FROM (A X B) F< TO B OR A AND 
THE RECIPROCAL TRANSPLANTATION FROM B OR A TO 

(A X B) F^ 

In this series thyroid gland and cartilage were transplanted either 
from a hybrid between strain A and strain B to one of the parent 
strains, after these hybrids had been inbred for four generations by 
means of successive matings of brothers and sisters, or the reverse 
transplantation was carried out from one of the parent strains to the 
hybrid. Such experiments were thought to be of interest, because in 
the work with inbred strains of guinea-pigs a striking difference was 
observed between the results in these two types of transplantation; 
here transplantation from one of the parent strains to the hybrid strain 
gave excellent results approaching those observed after autotransplan- 
tation, while the reciprocal transplantation was relatively unfavorable. 
In this series we could not expect to find a difference corresponding to 
those noted in inbred families of guinea-pigs, because neither the indi- 
viduals of strain A nor those of strain B had attained a very definite 
homozygous condition, as we have shown in this paper. 

Transplantations from Parent Strain to Hybrid. — Thirteen experi- 
ments in transplantation from the parent strain to the hybrid were car- 
ried out. In nine cases, in which the examination took place between 
sixteen and thirty-seven days after transplantation, homoioreactions 
were obtained. However, in four of these cases, the results were only 
of an approximate character, an exact classification not being possible, 
because only cartilage without a sufficient amount of other tissue was 
recovered at the conclusion of the experiments. In two cases, examined 
after twenty-nine and fift}' days, the results were intermediate between 
those of syngenesiotransplantation and those of homoiotransplantation. 
In an additional case the result corresponded to that of syngenesiotrans- 
plantation, and here the examination took place after thirty-seven days. 
In the last case, examined after twenty days, the pieces resembled 
autotransplants. 

Transplantation from Hybrid to Parent Strains. — In the reciprocal 
-transplantations somewhat more unfavorable results were obtained. In 
eleven of thirteen experiments approximate homoioreactions were 
found ; in one case the result was intermediate between a typical homoio- 
reaction and a syngenesioreaction, and in the last case it corresponded 
to a syngenesioreaction. 

Summary. — The difference between the results in these two series 
of transplantations is so slight that we cannot attach much significance 
to it. We may summarize our results as follows : {a) In transplanta- 
tion from parent to hybrid, the 13 experiments carried out yielded 9 
homoioreactions, 2 syngenesiohomoioreactions, 1 syngenesioreaction and 
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1 autoreaction, {h) In transplantation from hybrid to parent, the 13 
experiments carried out gave 11 homoioreactions, 1 syngenesiohoinoio- 
reaction and 1 syngenesioreaction. 

SERIES 6: EXCHANGE OF TISSUES BETWEEN BROTHERS WITHIN 

INBRED STRAINS 

Transplantation of Thyroid Gland and Cartilage or of Ovary and 
Uterus f7'om Brother to Brother (or from Sister to Sister) hi Inbred 
Strain A. — Seventeen experiments were carried out ; in thirteen thyroid 
gland and cartilage, and in four uterus and ovary were used for trans- 
plantation. In six experiments the animals belonged to the sixty-sixth 
and sixty-seventh inbred generation, while in the remaining eleven 
experiments they belonged to generations 60 to 63. The pieces were 
removed for examination between the twentieth and the fiftieth day 
following transplantation. In three of the six experiments in which 
the sixty-sixth and sixty-seventh generations were used, thyroid gland 
and cartilage had the character of autotransplants; one of these was 
examined after forty-two days and two after twenty days. In the 
cartilage transplants, fat tissue, columns of large cartilage cells at the 
border between bone and cartilage and regenerating muscle tissue were 
well preserved. The condition of the bone marrow varied; connective 
tissue replaced the bone marrow partly or even entirely in some of 
these cases. 

In the three remaining cases of this group results characteristic of 
syngenesiotransplantation were obtained. In two of these cases — ^in 
the third one the thyroid transplant was not found — ^the structure 
of the thyroid and parathyroid transplants corresponded to the struc- 
ture of autotransplants, but subsequently masses of lymphocytes 
penetrated into the graft and destroyed it in part. In the 
cartilage-fat-bone-muscle transplant the preservation was, on the whole, 
also very good, but thei'e was some invasion b}'’ lymphoc 3 d:es which in 
these specimens was, however, less marked than in the thyroid. These 
cells destroyed some of the muscle tissue, but the bone marrow was 
partly preserved. The intensity of lymphocytic infiltration varied in 
different cases, in two of which the examination took place fifty days, 
and in the last one twenty-five days, after transplantation. 

In seven experiments with animals of generations 60 to 63, thyroid 
gland and cartilage were transplanted. In four of these cases, examined 
between twenty and thirty-five days following transplantation, results 
approaching, but not entirely identical with, those of autotransplantation 
were obtained ; after thirty and thirty-five days the lymphocytic infiltra- 
tion began to be a little more marked in places, although otherwise the 
results were very good, and even some mitoses were found in the 
transplanted parathyroid cells ; in an additional animal the condition 
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was intermediate between autoreaction and syngenesioreaction. In two 
other specimens examined after twenty-five and forty-five days, 
respectivelv, a pronounced syngenesioreaction was observed. In these 
two cases, the lymphocytic infiltration was intense, and the thyroid 
gland in one specimen had the appearance almost of a lymph gland. 
While there was hardly any connective tissue reaction, the dense masses 
of lymphocytes had destroyed a good jiart of the thyroid, and likewise 
a part of the parathyroid. Again in the fat tissue the lymphocytic 
infiltration was less marked than in thyroid and parathyroid tissue; 
furthermore, there was no increase of connective tissue in the fat tissue. 
The hone marrow was partly preserved. 

In four rats into which pieces of ovary and uterus had been trans- 
planted, the examination took place between twenty and thirty days 
after transplantation. Parts of uterus and ovary were preserved, but 
there was everywhere more or less marked lymphoc3'tic infiltration, and 
results characteristic of autotransjdantation were not observed ; however, 
an exact gradation in several of these cases was not possible. 

Altogether, thei'efore, in eight cases results characteristic of or 
approaching autotransplantation were obtained, and in five cases the 
pieces resembled syngenesiotransplants. While in the four experiments 
in which pieces of ovary and uterus were transplanted, an exact grada- 
tion was not possible, we can he certain that in none of them was the 
effect of autotransplantation obtained. On the whole, the results in 
transplantation of ovary and uterus corresponded, therefore, to those 
found in syngenesiotransplantation, although one or two of them may 
have approached the range characteristic of homoiotransplantation. 

Trausplauiatiou of Tissues from Brother to Brother in Inbred 
Strain B . — In nineteen experiments tissues were transplanted from 
brother to brother within strain B. The pieces were removed from the 
hosts for examination at various times between twenty and sixty days 
after transplantation. In thirteen experiments — in some of which the 
transplants were examined as late as sixty days after grafting — the 
results corresponded to or approached those of autotransplantation. In 
one of these cases the thyroid and parathyroid grafts resembled auto- 
transplants, whereas the cartilage transplant showed a slight, hut distinct, 
increase in connective tissue and a slight lymphocytic infiltration, 
although, on the whole, cartilage, fat tissue and muscle tissue were well 
jDreserved, In two cases, pieces were transplanted from one brother or 
sister into two other brothers or sisters. In one of these cases, the 
grafts in both hosts behaved, after sixty days, like autotransplants; in 
the second case, in one host, the results in the thyroid graft were like 
those of autotransplantation, while those in the cartilage graft corre- 
sponded to the results of syngenesiotransplantation, and in the other 
host the results were those of homoiotransplantation. 
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In three specimens the examination of which took place twenty days 
following the operation and in one of which ovary and uterus were 
transplanted instead of thyroid tissue and cartilage, the results of 
syngenesiotransplantation were obtained. There were two specimens to 
which we have referred which showed a rather mild hoinoioreaction and 
one specimen in which the condition was intermediate between homoio- 
reaction and syngenesioreaction. 

In the instances in which results aiDproaching those of autotrans- 
plantation were obtained, bone marrow was well preserved as late as 
sixty days following the grafting, and, as usual, the bone spicules in 
the bone marrow were much better preserved than the cortical bone 
proper. Grafts in which we found a localized lymphocytic infiltration 
that exceeded in intensit}' the ver}'^ slight collections of l3anphocytes 
occasionally observed in an autotransplant, but in which the connective 
tissue was not increased, were classed as ajjproaching autotransplants. 
In accordance with our jDrevious observations in noninbred strains, it 
was to be expected that in the course of time this lymphocytic infiltration 
would increase in intensity and exert a destructive efifect on the 
transplant. 

In the specimens corresponding to homoiotransplants, the bone 
marrow, as usual, was necrotic or replaced Iw connective tissue, while 
in those corresponding to syngenesiotransplants parts of the bone 
marrow were preserved ; in certain places osteoid tissue was produced 
which in the periphery seemed to undergo transformation into myxoid 
connective tissue. In grafts that behaved like syngenesiotransplants, 
there was a dense lymphocytic infiltration in the thyroid and in the 
parathyroid, while in the fat and muscle tissue, it was somewhat less 
marked ; in addition, there was found in the cartilage specimen some 
increase in connective tissue. 

If we compare the results in these experiments with those in the 
corresponding experiments in our earlier investigations in inbred rats, 
in which transplantations of tissue from brother to brother were made, 
we find that the results in our present series are somewhat better. They 
are likewise better than the results of Loeb in noninbred rats in ordinary 
transplantations of tissue from brother to brother."* On the other hand, 
they are distinctly less good than the results obtained b}" Loeb and 
Wright- in inbred guinea-pigs in transialantations from brother to 
brother. It is probable, thei'efore, that slight progress toward a more 
homozygous condition in the rats has been accomplished through the 
continued inbreeding ; however, there can be no doubt that the reactions 
between host and transplant are more marked in rats inbred through 
more than sixty generations b}'^ matings of brothers to sisters than the 
reactions in guinea-pigs inbred through approximately twenty 
generations. 
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Snuunary. — The results of transplantation of tissues from brother 
to brother in the inbred strains may be summarized as follows: 1. In 
strain A, autoreactions or autosyngenesioreactions were obtained in 
eight experiments and syngenesioreactions in five experiments. In four 
experiments an exact grading was more difficult, but we can be certain 
that the results did not correspond to autoreactions. 2. In strain B, 
autoreactions were obtained in thirteen experiments and syngenesio- 
reactions in three experiments, a syngenesiohomoioreaction was found 
in one case and mild homoioreactions were found in two cases. In both 
series combined we found autoreactions or autosyngenesioreactions 
twent3'-one times, S3mgenesioreactions eight times, mild homoioreactions 
twice and a syngenesiohomoioreaction once. In four cases the grading 
was uncertain, but the results did not correspond to those of 
autotransplantation. 

Multiple Simultaneous Transplantations in Inbred Strain B. — In the 
sixt3'-seventh generation of strain B, four pieces of thyi'oid gland and 
two pieces of cartilage from two brothers were grafted into a third 
bi'other. All four pieces of th3a'oid gland examined thirt3^-tw^o da3'S 
following transplantation behaved like autotransplants. Well preserved 
ducts with squamous epithelium were found in the center of the grafted 
tissue; onl3'^ an occasional, very small nest of lymphocytes was seen in 
the connective tissue; a few isolated lymphocytes were noted, but not 
in ever3'' specimen, around some acini or around the parathyroid. 
Cartilage and fat tissue appeared normal ; there were here no collections 
of lymphoc3des, nor an3' noticeable increase in connective tissue. These 
results agree with the previous ones of Loeb, so far as they show that 
a deficit in function of the thyroid gland in the host is not required for 
the successful transplantation of this organ. 

Serial Transplantation in Inbred Strain B. — We transplanted two 
pieces of thyroid gland from a rat of strain B to his brother. Twent3^- 
five days later both transplants were removed and retransplanted to a 
sister. Twenty-five days following the second transplantation, one of 
the grafts was removed from the animal for microscopic examination. 
This piece had therefore been transplanted twice in succession and each 
time had remained twenty-five days in the host ; altogether it had been 
in brother and sister for a period of fifty days (twenty-five plus twenty- 
five days). The second transplant was retransplanted again to a sister 
of the bearer and examined twenty-three days following the last trans- 
plantation (twent3f-five plus twenty-five plus twent3^-three days equaling 
sevent3'^-three days). 

Transplant Examined After Fifty Da3^s (Twenty-Five Plus Twenty- 
Five Days) : The transplanted thyroid, as well as the transplanted 
parathyroid and fat tissue, was well preserved ; all behaved like auto- 
transplants. There was a limited amount of loose connective tissue in 
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the center of the graft, and the acini were in close contact with each 
otlicr. On]}- a few lymphocytes were found in one place. 

Transplant Examined After Seventy-Three Days (Twenty-Five 
Plus Twenty-Five Plus Twenty-Three Days) : The acini of the thyroid, 
containing solid colloid, as well as the ])arathyroid, were well preserved, 
but in the connective tissue traversing the fat, which surrounded the 
thyroid graft, there was a diffuse l3Uuphocytic infiltration, extending 
even into the region of the acini. In places the lymphocytes penetrated 
still deeper between the acini and also a short distance into the para- 
thyroid on the other side, and some had invaded the surrounding muscle 
tissue of the host; the lymph vessels were studded with these cells. 
There was no increase in connective tissue. 

have to deal in this case with a syngenesioreaction and not, as 
in the first transj^lant, after twenty-five days plus twent_v-five days, with 
an autoreaction. While, therefore, this experiment confirms our conclu- 
sions that the individualit}' differentials have not yet become identical 
in brothers in inbred rats, the difli'ei'entials are sufficient^ similar to 
make possible the serial transplantation of thyroid, a task that could 
not be accomplished in the case of a typical homoiogenous relationship 
between host and donor. This experiment confirms a result obtained 
formerly in transplantation in inbred guinea-pigs. - 

.SERIES 7 TRANSl’EANTATIOX FROM BROTHER TO BROTHER (OR 
FRO.M SISTER TO SISTER) IX (A X B) F, STRAIN 

It was of interest to compare with the brother to brother transplan- 
tations in inbred strains A or B brother to brother transplantations 
in hybrids (A X B) Fj. Theoretically, it should be expected that, 
although inbreeding had taken place through several generations, the 
genetic constitutions and therefore the individuality differentials of 
brothers or sisters in such litters would be less similar to each other than 
the individuality differentials of brothers in inbred strains A or B. a 
conclusion which was confirmed by our investigations. 

We carried out thirty experiments; however, two of these must be 
discarded on account of the possibility that a mistake was made in the 
labeling of the specimens. Of the remaining twenty-eight, two were 
examined after ten and twelve days, respectively, which represent, 
perhaps, too short a period for an accurate grading. In nine additional 
experiments ovary and uterus were transplanted, and in these specimens 
an accurate grading is likewise difficult. But. if we make an approxi- 
mate classification of all but two specimens, we obtain the following 
results : In six cases the grafts corresponded to syngenesiotransplants : 
in eleven cases their condition corresponded to a condition intermediate 
between that of syngenesiotransplants and that of homoiotransplants. 
and in nine cases the tyiiical results of homoiotransplantation were 
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obtained. Of the two doubtful transplants, one appeared like an auto- 
transplant and the other one like a homoiotransplant. If we except, 
therefore, the result obtained in one experiment, in none of these cases 
did we find grafts that resembled autotransplants. These results are 
therefore much inferior to those noted in transplants between brothers 
within the inbred strains A or B ; the}^ are inferior even to those found 
in ordinar}'’ syngenesiotransplantation. The long-continued separate 
breeding of the A and B strains apparentl}' led to a marked difference 
in the average of the individuality differentials in these two strains, a 
difference which the short period of inbreeding in hybrids between A 
and B could not overcome. 

In cases of syngenesioreaction we found as usual small masses of 
l}Tnphocytes around and between certain acini, and. also, in the para- 
thyroid there was some increase in 13'mphocytes in the lymph vessels. 
Bone marrow could be preserved in such transplants; likewise the fat 
tissue was well preserved, showing merely a moderate increase in the 
thickness of the connective tissue septums. Between the regenerating 
muscle fibers some lymphocytic infiltration was noted. It Avas also of 
interest that near wounds of the cartilage, tissue formed, which 
resembled connective tissue in structure, but which in reality represented 
growing perichondrial or cartilage cells. In the ovarian transplants of 
this series we also observed usually more or less marked lymphocytic 
infiltration, and in the uterine grafts we found, as a rule, in the areas 
of transition between cellular fibroblastic connective tissue and necrotic 
material, processes of hyalinization, indicating insufficient nourishment 
of the grafted tissue. In a specimen in which a syngenesioreaction was 
obtained, Ave noted that cartilage cells proliferated not only toAA’’ard the 
outside of the bone, but also into the bone marroAv spaces, Avhich thus 
became filled Avith cartilage. Furthermore, tissue apparently transitional 
betAveen cai'tilage and osteoid tissue Avas found. 

Of special interest Avas a transplant of cartilage examined after 
tAA^enty-five days, AAdiich behaA^ed like a syngenesiotransplant, but in 
Avhich proliferating perichondrial cells, during the process of transfor- 
mation into cartilage cells, shoAved an actiA'^e mitotic proliferation. EA’en 
the young cartilage cells that deA^eloped from the perichondrial tissue 
shoAA^ed mitoses, but mitotic actiAuty ceased as soon as A^acuoles appeared. 
There Avas at the same time a marked lymphocytic infiltration around 
the transplanted living cartilage, and lymphocytes penetrated eA’en into 
the perichondrium. 

SUMMARY AND CONCLUSIONS 

In these experiments Ave used tissues from rats of strains A and B, 
inbred through from sixty to sixt)'--s6A’en generations by matings of 
lirother and sister rats. I'he results of transplantation of tissues from 
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strain A to strain B corresponded to the results of ordinary hoinoio- 
transplantation. Transplantation between different litters within inbred 
strain A likewise gave results very similar to those obtained in honioio- 
transjDlantation, and this was true of grafts of thyroid gland, as well 
as of those of cartilage. 

Trans])lantation betw'een different litters within inbred strain B gave 
better results, but even these results remained far Ijehind those obtained 
in ordinary syngenesidtransplantation from brother to brother. They 
were between the ty^ncal results of homoiotransplantation and those of 
syngenesiotransplantation. but nearer the former than the latter. As was 
to be expected, transplantation to different litters in group (A X B) 
or F- led to marked homoioreactions. Transplantation from (A X B) 
F"^ to one of the parent strains or vice versa gave results corresponding 
to or approaching homoioreactions; but in accordance with expectation 
the results were somewhat better in transplantation from parent to 
hybrids than in the reciprocal transplantation. However, it is doubtful 
whether this difference is sufficiently great to be of significance. 

In brother to brother transplantation within inbred strains the results 
obtained were somewhat better than those in our earlier experiments 
in inbred rats, and in strain B the}' were ])erhaps slightly better than in 
strain A. The reactions which -we found AV'cre somewhat less marked 
than those which we observed in ordinary syngenesiotransplantation, but 
the differences observed between these two series were, after all, not 
striking. The following summary allows a comparison between these 
two series: 1. Ordinary syngenesiotransplantation: autoreactions or 
autosyngenesioreactions, 33 ; syngenesioreactions, 6 ; syngenesiohoinoio' 
reactions, 8: homoioreactions, 7. 2. Transplantation within inbred 

strains : autoreactions or autosyngenesioreactions, 21 ; syngenesioreac- 
tions, 8 ; syngenesiohomoioreactions, 1 ; mild homoioreactions. 2 ; uncer- 
tain, but not autoreactions, 4. 

Multiple simultaneous transjjlantations in brothers of inbred strain 
B, under conditions of approximate identity of the individuality differ- 
entials of hosts and donor, confirm our former conclusion that a deficit 
in internal secretion of the thyroid gland is not necessary for the pres- 
ervation of the thyroid transplant. Two and even three successive 
transplantations of thyroid and parathyroid succeeded in brothers and 
sisters of strain B ; however, in the third transplantation a syngenesio- 
reaction appeared, indicating that in this case also a complete identity 
of individuality differentials between brothers and sisters had not yet 
been obtained. In general, we must again state in this connection that 
there is no certainty that when a certain graft in a host behaves like 
an autotransplant at a certain time following transplantation, it will 
continue to behave in this way; on the contrary, there are many 
indications that at a still later period a reaction on the part of the host 
may set in. 
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Much more unfavorable results than in transplantation within the 
same litter in strains A and B were obtained in brother to brother 
transplantation in (A X B) hybrids. On the other hand, the results 
here were somewhat better than in ordinaiy homoiotransplantation. In 
ordinary homoiotransplantation the results were 5 syngenesioreactions ; 
5 syngenesiohomoioreactions ; 26 homoioreactions. In transplantation 
between brothers of (A X B) F4 the results were : 6 syngenesioreactions ; 
11 syngenesiohomoioreactions; 9 homoioreactions. No specimens resem- 
bling autotransplants were obtained, because, in combinations between 
the gene sets of A and B, the probabilit}’’ that identity between the 
individuality differentials has develojDed is not great. 

On the whole, we may therefore conclude that notwithstanding con- 
tinued inbreeding in strain A and strain B a condition approaching a 
homozygous genetic constitution within the same strain has not been 
attained. On the contrary, our results indicate much more marked 
heterozygous constitutions after inbreeding in rats through from sixty 
to seventy generations than Loeb and Wright found in guinea-pigs after 
inbreeding of these through a much smaller number of generations. 
There is, however, some indication that a slight advance toward greater 
similarity of the individuality differentials within the same strain has 
been made since our first transplantations, in which we used animals 
belonging to generatidns 30 to 47. As to the factors underlying these 
results we must consider, as we did formerly, (1) the selection of 
heterozygous individuals during the process of close inbreeding; (2) the 
possibility that a splitting off of litters and separate propagation within 
the strains A and B may play a certain role, but such a splitting off 
could lead to the maintenance of a heterozygous condition only in case 
some other factor had prevented the reaching of a homozygous 
constitution at the time when the separate breeding of the two litters 
set in; (3) the occurrence of mutations must be considered as a possible 
factor. While at present it is impossible to determine what role muta- 
tions play in the results that we obtained, there can be little doubt that 
the selection of the strongest individuals during the process of inbreeding 
has been of great significance in the persistence of the heterozygous 
constitution of the inbred rats, as revealed by the results of our 
transplantations. 



CHRONIC BRONCHITIS WITH FOREIGN BODY 
(ELASTIC FIBERS) REACTIONS IN 
THE LUNGS 

FRANKLIN S. DuBOIS 

^ CHICAGO 

Many substances originating from tissues or their fluids become 
insoluble because of necrosis or chemical changes, and the inert material, 
as an irritant, stimulates a mass of chronic granulation tissue, and 
this is commonly designated “a foreign body tissue reaction.” Note- 
worthy among the cellular constituents in this reaction are the foreign 
body giant cells. Cholesterol,^ lipins and their derivatives,- salts of 
calcium and of iron ■'* and incrusted connective tissue fibers * are tissue 
derivatives that become insoluble and act as foreign substances. Elastic 
fibers of the connective tissues have been reported to be the substance- 
stimulating foreign body inflammatory reactions in many parts of the 
body,® but rarely have these lesions been found in the tissues of the 
lungs. Kockel “ seems to have been the first to record such a reaction 
in the lungs. 

A man, 33 j'cars of age, died of pernicious anemia. Lesions in the walls of 
blood vessels of the lungs showed giant cells with inclusions like elastic fibers, 
although the fibers failed to react with specific stains. Similar fibers in the 
alveolar and arterial walls reacted variably with the tests for elastin, iron and 
calcium. 

The following year Davidsohn " reported a study of lungs ; one’ 
from a man, 27 years old, who died with sarcoma of the sacral A'^erte- 

brae, a second from a man, aged 22, who had carcinoma of the 

stomach with metastases to the vertebral column, pelvis and humerus, 
and a third and fourth, from Virchow’s museum, for Avhich there 
were no clinical records. There was a pronounced fragmentation of 
elastic fibers in the alveolar septums and deposits of calcium in the 
septums, in the interstitium and in the walls of arteries, but no giant 
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cell reaction. Bittrolff ® observed inflammatory changes against inert 
tissue fibers in the lungs of a woman, aged 25, who clinically 
had organic decompensation of the heart and chronic passive hyperemia. 
Giant cells with inclusions were found in and about the walls of the 
larger blood vessels. The inclusions were concentrically laminated, oval 
or round structures, and slender fibers. These gave the specific reac- 
tions with various stains for elastic tissue and also the microchemical 
reactions for calcium and iron. Bittrolff concluded that they were 
elastic fibers undergoing secondary changes and incrusted with iron 
and calcium. In 1912, Schum studied the lung of a woman, aged 
47, who, according to the clinical diagnosis, died of asthma, nephritis 
and myocarditis. There was a generalized venous stasis. Histologically 
the lung had many foreign body giant cells distributed about the bronchi 
and arteries, where the elastic fibers (according to various stains) bad 
undergone degenerative changes. The fibrillar and concentrically lami- 
nated inclusions of the giant cells reacted somewhat to stains for 
elastin and to the microchemical tests for iron. Only traces of calcium 
were present. A year later Gigon found concentrically laminated 
fibrillar structures incrusted with iron and calcium in the walls of 
the medium and small blood vessels in the lungs of a man, 31 years 
old, who, according to the clinical diagnosis, had an infarct of the lung 
and chronic passive hyperemia. He saw ■ no giant cells. Recently 
Dugge reported lesions in the lungs of a man. 30 years old, who 
for many years had had asthma and whose death was due to chronic 
bronchitis and bronchopneumonia. The fibrous tissue about the bronchi 
contained foreign body giant cells with inclusions of fatty acid crystals, 
cholesterol and concentrically laminated amorphous bodies. The latter, 
he concluded, were elastic fibers incrusted with iron and calcium. 

A white man, a blacksmith, aged 58, was in the care of Dr. C. F. G. Brown at 
St. Luke’s Hospital for a short time in 1925 because of a sprain of the back 
and glycosuria. Medical management of the diabetes and treatment for several 
minor injuries and infections kept him in fair health until Jan. 19, 1930. Then 
he again entered the hospital because of an infection of the left foot. This was 
drained surgically. He had a septic fever and many reactions to insulin. The 
number of erythrocytes diminished from 4,000,000 at the time of admission to 
2,580,000 per cubic millimeter on March 29 ; the hemoglobin decreased from 80 
to 40 per cent. On April 27, following reaction to insulin, the patient died. 

The postmortem examination was made sixteen hours after death by Edwin 
F. Hirsch. The essential observations were : diabetes mellitus ; bilateral broncho- 
pneumonia ; abscesses of the lungs ; chronic bronchitis ; marked emphysema, hyper- 
emia and edema of the lungs; cloudy swelling of the myocardium, kidneys and 
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liver; moist gangrene and chronic osteomyelitis of the left foot and ankle; left 
serofibrinous plcuritis; recent hemorrhage beneath the left parietal pleura; 
surgically incised abscesses of the left axilla; osteomyelitis of the right tenth 
rib; marked senile arteriosclerosis of the aorta and its main branches; right 
chronic fibrous pleuritis, etc. The body weighed 107j4 pounds (48.7 Kg.) and 
was 172 cm. long. There was about 25 cc. of serofibrinous exudate in tlie left 
pleural cavity. The pleura of the left lung was hyperemic and posteriorly 
covered with fibrin. Opposite the right tenth rib, 8 cm. from the spine, was a 
radiating scar of the parietal pleura 3 by 2.5 cm. in its maximum dimensions, and 
opposite this osteomyelitis of the rib. The right lung weighed 1,270 Gm. ; the left, 
1,265 Gm. Both were boggy, except in the marginal emphysematous regions. 
There was a marked subpleural edema of the right lung, and the pleura of the 
left was rough with plaques of fibrin. Beneath one of these, toward the lateral 
margin of the upper lobe, was an abscess, 2 cm. in diameter, filled with a yellow 
exudate. There were other nodules of the same size and content, one in the 
upper lobe of the left lung and two in the lower lobe of the right lung. Other- 
wise there was marked edema. The left upper lobe was similar. The left lower 
lobe was crepitant onlj' in the upper lateral portions, and the remainder was 
studded with gray", granular, firm regions, from 0.2 to 1 cm. in diameter. A 
purulent material was expressed from the larger consolidated places and a y^ellow 
exudate from the smaller bronchi of both lungs. The lining of the pulmonary 
arteries had fatty changes. Staphylococcus aureus was isolated from the 
abscesses in the lungs. 

The lungs microscopically were extensively' consolidated by bronchopneumonic 
exudates and abscesses. They showed the changes usually present with chronic 
passive hy'peremia and chronic emphysema. The unusual lesions were acute 
bronchial and peribronchial exudates associated witli foreign body' granulation 
tissues containing many' giant cells (fig. 1). These giant cells were as many as 
20 to 1.5 sq. mm., ranged between 0.04 and 0.2 mm. in diameter and occurred also 
in portions of lung tissue considerably' removed from the pneumonic regions and 
abscesses. They' contained coiled and sinuous fibrils (fig. 2) of connective 
tissue, and some were vacuolated. Similar fibers occurred in the lumens of the 
bronchi and alveoli. They reacted in general as do elastic fibers in sections stained 
with phosphotungstic acid-hematoxylin, van Gieson’s stain, Weigert’s elastic stain, 
Verhoeff’s stain and Unna’s orcein. The fiber inclusions of the cells did not react 
with the usual microchemical tests for iron and calcium. The general con- 
figuration and distribution of the many' vacuoles in the giant cells suggested the 
presence of fats. However, none of the pulmonary' tissues had .been fixed in 
formaldehy'de solution and specific stains for lipins could not be made. 

According to Mackdin,^- the elastic tissue of the respiratory system 
is continuous from the larynx to the alveoli of the lungs, where it 
is distributed as delicate strands in the septums. In the bronchial walls 
the widest lay'er courses longitudinally in the mucosa, branches with 
the air tubes, and becomes thinner as the bronchi decrease in size. 
Outside of this band is a smaller band, distributed transversely and 
interlacing with the muscle of the wall. Other aggregates of elastic 
tissue are present in the larger tubes and course obliquely. The changes 

12. Macklin, C. C. ; Functional Aspects of Bronchial Muscle and Elastic 
Tissue, Arch. Surg. 19:1212, 1929. 
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\vhercl)y some of these elastic fibers become inert and stimulate a 
foreign body tissue reaction are not understood. Various conjectures 
have been offered. Davidsohn ' considered chronic passive hyperemia 
of the lungs as a possible etiologic factor, but discarded the idea when 
he found no fragmentation or calcium deposits in tissues from lungs 
with changes characteristic of chronic passive hyperemia. He was 
inclined to ascribe the dejiosition of calcium to an increase in the 
calcium in the blood coincident with tumors in bone. However. Kossa 
demonstrated that when the blood is saturated with calcium there is 
no deposit in the tissues of the body. In contrast, Kalase injected 
calcium into guinea-pigs and rabbits and noted calcification of elastic 
tissue in the alveolar septums of the lung. Learner obtained similar 
results in dogs with injections of parathormone. Davidsohn ' thought 
inhalation of dust over long periods of time and motility of the lung 
until the time of death might be important factors in causing the frag- 
mentation of clastic fibers. 

Bittrolff ^ attributed the infiammalory reactions to chronic passive 
hy]K‘rcmia. He held that the slow circulation and poor aeration of 
the blood caused acidosis, '.rhe ti.ssuc.s of the lung, particularly the 
clastic fibers, were thus weakened, and the dys]')nca and hyperclistcntion 
of the lungs accompanying the venous stasis caused fragmentation of 
the tissues. .As a secondary change iron and calcium were deposited 
on the degenerated fibers. Giant cells then aggregated about the inert 
bodies, and deposits of iron and calcium on these fibers formed the 
concentrically laminated inclu.sions. Sebum ” did not believe that iron 
and calcium could be deposited in normal elastic tissue. He thought 
that an injuiy to these tissues must have preceded the incrustations. 
He considered mechanical factors incident to chronic bronchitis and 
asthma important. He compared the changes in the elastic tissue of 
the lung to those noted in hypertrophy of the myocardium followed 
b}' dilatation. When the clastic limit was reached the tissues ruptured 
in man}' places, and as ])art of the retrogressive changes mineral sub- 
stances were deposited. He believed that this was an adequate explana- 
tion of the changes seen in and about the bronchi, but that chronic 
passive hyperemia as a sequence of chronic bronchitis was responsible 
for the similar alterations of the walls of the blood vessels. From 
his studies Gigon^® concluded that chronic passive hyperemia in itself 
was not sufficient to cause the formation of the concentrically laminated 
bodies incrusted with calcium and iron. Dugge contended that the 
origin of the giant cells depended on lipoids liberated by the necrotic 


13. Kossa, V.; Bcitr. z. path, Anat. u. z. allg. Path. 29:163, 1901. 

14. Katase, A.: Bcitr. z. path. Anat. u. z. allg. Path. 57:516, 1914. 

15. Learner, A.: J. Lab. & Clin. Med. 14:921, 1929. 
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cells of chronic inflammatory tissue. The poorly soluble lipoids thus 
formed acted as foreign bodies and were phagocytosed after the 
cholesterol had been changed to mixtures of cholesterol and fatty acid. 
Calcification of the lipoids he believed to be simply an expression of 
the affinity of fatty acids for calcium. The deposits of lime on elastic 
fibers in giant cells he ascribed to the presence of crystals of cholesterol 
about the fibers. 

coM^rIi:NT 

Several possible etiologic factors should be considered in attempting 
to establish a cause for the lesions in the lungs described here. Among 
these are marked chronic emphysema, passive hyperemia and edema 
of the lungs ; infection (bronchopneumonia, multiple abscesses and 
bronchitis) ; diabetes mellitus, and perhaps the inhalation of a foreign 
substance, such as oil, although there is no record of this in the clinical 
history. It is not possible to say with certainty which of these or of 
their combinations caused portions of the elastic tissue of the lung to 
become inert, thereby stimulating a so-called foreign body tissue reac- 
tion. Chronic passive hyperemia itself does not seem to have been 
such an important etiologic factor in the production of these lesions, 
because such changes are not found regularly in the lungs of patients 
dying with cardiac decompensation. Further, elastic fil)er inclusions 
of giant cells have been found in man\’ jDlaces other than the lungs 
and where venous stasis was not present.^ The distention of the lungs 
and the rupture of the elastic fibers with emphysema may be imjiortant. 
There are no statements on record concerning changes in the elastic 
tissue in diabetes mellitus. but possibly in diabetic lipemia. fats are 
deposited in tissues and alter them so that they become inert or 
that the fibers are altered in some way by the acidosis of diabetes. 
The predominance of the lesions in and about the bronchial tissues 
suggests the possibility that some foreign (oil) substance may have 
entered the bronchioles and caused the necrosis which initiated the 
chemical changes of some of the elastic tissue of the lung. Superim- 
posed infection or infection alone in a diabetic patient may be important. 

su:\r]\iARY 

Granulation tissue containing many multi nucleated foreign body 
giant cells has been found in the lung of a diabetic patient with chronic 
bronchitis. The inclusions of the giant cells were connectiA'^e tissue 
fibers reacting in a modified Avay ndth the stains for elastin. but not 
Avith the microchemical tests for iron and calcium. Some of these 
fibers AA^ere distributed loosely in the lung Avithout chronic tissue reac- 
tions. Emphysema of the lungs and chronic bronchitis seem to haA’e 
b.ad an etiologic relation to these lesions. 



'J'HE HISTOGENESIS OE AMYLOID BODIES IN 
THE CENTRAL NERVOUS SYSTEIM * 
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THE ROLE OE THE MICROGLIA IN THE FORMATION 
OF THE AMYLOID BODY 

AuMAN’no FuKUAun 

Although miiucrous investigators ’ liavc tried to solve the problem 
of the origin of the amyloid bodies, no definite conclusion has been 
reached as to the elements that participate in the formation of these 
characteristic structures. 

Here and there mention is found of the origin of amyloid bodies 
from nerve cells, nerve fibers, glial cells or hematogenous elements. 
Without entering into the details of the various theories, I shall briefly 
summarize the views that have been expressed as to their origin. 

TIIKOIUKS A.S TO ORtC.IX 01' AMYLOID UODIES 

Neurogenic Theory . — Among the advocates of a neurogenic origin 
are Catola and Achucarro,^ Wolf," Marchand,'" SchelYcr ■' and Stroehe.-''’ 
who expressed the belief that amyloid bodies originate from axis 
cylinders or from myelin sheaths or from both. Omorokow ^ said that 
nerve cells must he considered as the source of origin of such bodies. 

Submitted for publication, Feb. 5, 1931. 

* From tlie Department of Ncuropatiiology of the New York State Psyclii- 
atric Institute and Hospital. 

1. Extensive biiiliograpbics may be found in tlie works of Catola and Acliu- 
carro (Vircbows Arch. f. path. Anat. 184:454, 1906), Omorokow (Ztsclir. f. d. 
ges. Neurol, u. Psycliiat. 100:109, 1925), Stiimier (Nissl and Alzheimer: Histo- 
logiscbe und bistopatbologiscbc Arbcitcn iiber die Grosshirnrinde, Jena, Gustav 
Fischer, 1913, vol. 5, no. 3, p. 417), and Siegert (Virchows Arch. f. path. Anat. 
129:513, 1892). 

2. Wolf, P. : Die Amyloidkdrperchcn des Nervensystems, Mimclicn Dissert., 
Vienna, Franz Deuticke, 1901. 

3. Marchand, F. : Beitr. z. path. Anat. u. z. allg. Patli. 45:161, 1909. 

4. Scheffer, quoted by Catola and Achucarro (footnote 1). 

5. Stroehe, quoted by Omorokow (footnote 1). 
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Gamna ® said that degenerated products originating from axis cylinders 
and nerve cells may precipitate in the interstitial tissue and form amyloid 
bodies. 

Gliogenic Theory. — Some of the investigators, among whom are 
Redlich,'’’ Obersteiner,® Nambu,“ Omorokow ^ and Klebe, ‘ have pointed 
out the probability of the amyloid bodies being developed from the glial 
elements. They have observed that amyloid bodies are found mostly in 
locations where the glia cells are most prominent, namely, the subpial 
and subeiDendymal layers and in the vicinity of the blood vessels. 

Nambu, working with Weigert’s glia stain, was even able to demon- 
strate changes in the nuclei of the glial elements which he interpreted 
as a beginning am 3 ''loid change. 

Obersteiner pointed to the presence in the glia cells of peculiar 
globular bodies, which he thought were amyloid material. 

In 1927, Uyematsu,^® in confirmation of a view advanced by Shi- 
moda in 1918, claimed that am 3 'loid bodies are formed through swelling 
of the prolongments of the astrocytes. 

While the majorit 3 ^ of authors concerned in the gliogenic theoiy 
refer to glia cells in a general way as the source of origin of am 3 doid 
bodies, a more definite distinction is found in the work of Ford-Robert- 
son,^^ who first described the so-called mesoglia. In Ford-Robertson’s 
conception, the mesoglia is a glia of mesodermic nature that includes 
what later was described by del Rio Hortega as the microglia and the 
oligodendroglia. Among the pathologic conditions that may affect the 
mesoglia, Ford-Robertson mentioned mei'el 3 ' its transformation into an 
amyloid body. He did not illustrate this transformation, however, with 
either description or pictures. 

Lymphogenic Theory. — Among the sustainers of the hnnphogenic 
theory have been Alzheimer, Stiirmer,^ Siegert ^ and Bertrand, who 
believed that am 3 doid bodies are a result of the precipitation of the 
circulating tissue fluids. 

6. Gamna: Arch, per le sc. med. 44:1, 1921. 

7. Redlich ; Jahrb. f. Psychiat., 1891, pt. 10. 

8. Obersteiner : Arb. a. d. neurol. Inst. a. d. Wien. Univ. 1900, no. 7, p. 301 ; 
Anleitung beim Studium des Banes der nervosen Zentralorgane in gesnndem und 
krankem Zustand, Vienna, Franz Deuticke, 1901, p. 237. 

9. Nambu: Arch. f. Psychiat. 44:390, 1908. 

10. Uyematsu, L. : Orient. Bui. Neuro-Biol. 1:81, 1927. 

11. Shimoda: Shinkeigahn Lasshi (Japanese), 1918, vol. 17, no. 5. 

12. Ford-Robertson, W. : A Textbook of Pathology in Relation to Mental 
Diseases, Edinburgh, W. F. Clay, 1900. 

13. Alzheimer, A., in Nissl and Alzheimer: Histologische und histopatho- 
logische Arbeiten iiber die Grosshirnrinde, Jena, Gustav Fischer, 1910, vol. 3, no. 3, 
p. 401. 

14. Bertrand, I. : Les processus de desintegration nerveuse, Paris, Masson & 
Cie, 1923. 
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Hcmaiogcnic Theory . — A few authors think that amyloid Iwdics 
are llie result of disintegrated blood elements (von l^ccklinghausen/''’ 
Tout on •'). 

Posluwrlcui J'hcorw — Stilling ■’ CKjiressed the belief that amyloid 
bodies are the result of ijostmortem changes. 


()I!si:rvatio.\'s 

In the course of a pathologic survey of Anunon’s born in epileptic 
persons I have noticed that in the majority of the cases this structure 



Fig. 1. — .Accumulation of amyloid bodies treated witli Lugol’s solution and 
sulphuric acid. 


presents a considerable number of amyloid bodies. These were definitely 
proved to be amyloid bodies by their typical staining reaction with iodine 
and sulphuric acid and also by their reaction to methyl violet. The}' 
stain a dark brown with the former, blue with the sulphuric acid, and 
purplish red with the methyl violet. They also stain blue with the Nile 
blue sulphate and a pale blue with hematoxylin. With Best’s method 
for glycogen they stain pale red and are not soluble in water. 

By del Rio Hortega’s method the corpora amylacea are stained 
different densities of purple, some being very light and others dark, 
almost black. They are best brought out when the sections are allowed 
to remain in the gold toning solution somewhat longer than is required 
in the toning of the glial cells after silver impregnation. 
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I have been fortunate enough to secure in my material a successful 
impregnation of the am}loicl bodies, which has allowed me to make a 
thorough study of their morphology and has enabled me to trace the 
various steps from their origin to their full develoj^ment. 



Fig 2 — Amjloid bodies This and subsequent figures represent sections 
impregnated With siher carbonate by the method of del Rio Hortega. 

If one looks at a section stained with compound solution of iodine 
(fig. 1). one is struck by the large number of these amyloid bodies, 
which are scatteied thioughout the section, but with a tendency to group 
themselves along the periphery of the blood vessels. 
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’J'lic area in which the amyloid bodies are found in larger number is 
the dorsal margin of the fissura hipj)ocampi. an area in which glial cells 
are normally jwevalent, and in the white substance underneath the fascia 
dentata. In eight of ten epilej^ic brains that 1 studied the fissura hippo- 
campi seemed to he the site of ])redilcction for the accumulation of 
amyloid bodies. 

In order to study more carefully the morphology, as well as the 
derivation of these bodies, T have made extensive use of impregnation 
with silver by del Rio Hortega's method as modified by Globus and 
Penfield. 

In figure 2. taken from a section impregnated with silver, it may 
be seen that amyloid bodies are .scattered throughout the section and 
that some of them definitely have processes. The impregnation with 
silver is more nr less intense; some of the cor])ora amylacea are partly 
imj^regnated. while others are almost black. 'J'he fact that some of the 
amyloid bodies disclosed ])rolongmcnts led me immediately to a more 
careful study of the cellular elements from which the amyloid bodies 
might derive. 

From a careful study of my slides I reached the conclusion that 
amyloid bodies are derived from the amyloid degeneration of microglial 
elements. 

I'he first step in the transformation of a microglia into an amyloid 
body is a degenerative process of the nucleus. The normal nucleus is 
usually filled with chromatin bodies located all around the periphery, 
as well as in the center of the structure (fig. 3). Whenever the amyloid 
degeneration takes jdace, the nucleus lo.ses its chromatin mainly in its 
central portion. Chromatin bodies may still be .seen at the periphery of 
the nucleus, but its central ])ortion acquires a characteristic glassy, 
homogeneous ai^pearance. Figure 4 illustrates this very early stage of 
the transformation. 

While the nucleus undergoes the amyloid degeneration, changes 
occur in the cell body and its prolongments. 4'here are two types of 
reaction of the cell body. 'I'hc most common one is a breaking down 
of the cell membrane and the le.ss fre(|uent one is an acute swelling of 
the cytoplasm. 

The prolongments in both cases usually undergo, very early, clas- 
matodendrosis, that is, fragmentation. Figure 5 demonstrates the frag- 
mentation of the prolongments. whereas, the nucleus of the microglia 
cell undergoes a more complete amyloid degeneration. 

A further step in the production of the amyloid body is the libera- 
tion of the degenerated nucleus into the surrounding tissue. This 
liberation may be followed in its various stages, and formations are seen 
in which one or more prolongments are still faintly attached to the 
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Fig. 3. — Microglial cell the nucleus of which 


shows normal chromatin 


content. 



F’S- 4. — The initial stage of the transformation of a microglial cell into an 
amyloid body. Note the homogeneity and glassy appearance of the nucleus. 
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Fijr- 5. — A furtlK'r stage in tlie (ransfonnation of a microglial cell into an 
amyloid l)ody. Note (lie apiiearance of (he miclciis and (he fragmenlation of the 
prolongments. 



Fig. 6. — A well advanced stage in the transformation of a microglial cell into an 
amyloid body. Note the almost complete liberation of the nucleus and the faintly 
attached prolongments. , 
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amyloid body (fig. 6). Rarely it happens that the prolongments also 
undergo a kind oi degeneration, the result of which is the formation of 
small fragments, some of which are roundish ; this degeneration may 
account for the existence here and there of very small anndoid granules. 

In its final transformation into an amyloid body the nucleus of the 
microglia cell may retain its triangular or oval shape, pointing still to 
the microglial nature of the transformed substance (fig. 7). Generally, 
however, the amyloid substance has a tendency to acquire finally a 
roundish appearance that at a certain point makes its differentiation 
from the analogous structure derived from the oligodendroglia almost 
impossible. It is only through the study of the various stages of trans- 
formation that one acquires certaint}' as to the elements from which the 
amyloid body originates. In some instances, however, the amyloid body 
still retains an elongated oval shape, the morphology of which recalls 
the nucleus of the so-called rod cells (Stabchenzellen). It must be said, 
however, that sometimes this elongated appearance is misleading and 
derives from the conglomeration and fusion of two or three nuclei, either 
of microglia or of oligodendroglia cells. As a matter of fact, it is pos- 
sible here and there still to detect two or three original nuclei in their 
process of fusion to form an elongated amyloid body (fig. 8). 

The other way of transformation of a microglia cell into an amyloid 
body is the one that produces first a condition of acute swelling of the 
cellular element. 

As already proved by previous work (Meduna,^'' Ferraro and Mor- 
rison, Vizioli and others), microglia elements undergo also a degen- 
erative process of the swelling type in which a more or less considerable 
ring of swollen cytoplasm is found surrounding the nucleus. In the 
event that the prolongments characteristic of the microglia have already 
undergone clasmatodendrosis in the stage of roundish transformation of 
the nucleus, the differentiation between microglia and oligodendroglia 
becomes at times very difficult. From the stage of acute swelling the 
microglial cell may gradually undergo amyloid degeneration. The pro- 
cess also originates in the nucleus and leads gradually to the liberation 
of the am)doid body into the surrounding tissue. 

My conception of the transformation of the microglia cell into an 
amyloid body contrasts with that of del Rio Flortega,^® who expressed 
the belief that the amyloid body penetrates into the microglia cells, 
but is not the result of the degeneration of the cell itself. According 
to del Rio Hortega the penetration of the amyloid material into the 

15. Meduna; Arch. f. Psychiat. 82:123, 1928. 

16. Ferraro. A., and Morrison, L. R. : Psychiatric Quart. 2:506, 1928. 

17. Vizioli, F. ; Riv. di neurol. 2:365, 1929. 

18. del Rio Hortega: Bol. de la Soc. espan. de hist. nat. 25:127, 1925. 
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Pig. 7. — Fully developed amyloid Iwdics. One of them has a heanlihe appear- 
ance, recalling the nuclei of some microglial cells. 



Fig. 8. — Elongated amyloid bodies resulting from the fusion of two or three 
nuclei. 
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microglia is not, on the other hand, the result of phagocytosis, but is 
the result of an impregnation of the C}-toplasm, or of a prolongment, 
of the microglia by amyloid substance, which acquires a roundish aspect 
only after its condensation inside the microglial element. 

According to del Rio Hortega the phases of the penetration of the 
amyloid into the microglia cell are: (1) occurrence in the interstitial 
tissue of amyloid material derived from normal metabolism or from 
disintegrated nerve cells; (2) stasis in the circulation of the interstitial 
plasma, thus favoring the stagnation of the dissolved amyloid material ; 

(3) collection of the amyloid substance outside the microglial elements; 

(4) lowering of the cellular tension, thus favoring the penetration of 
the amyloid substance into the cell plasma; (5) intracellular ciystalli- 
zation of the amyloid body into the microglial cell.^" 

THE ROLE OF THE OLIGODENDROGLIA IN THE 
FORI^IATION OF THE AMYLOID BODY 

Armando F'erraro and L. A. Damon 

As pointed out in the previous section, the amyloid body originates 
from the microglia cell the nucleus of which undergoes a gradual amyloid 
degeneration. Because of the fact that the oligodendroglia and the 
microglia both form the so-called third element of Cajal, constituting 
also the mesoglia of Ford-Robertson, we have centered out attention on 
the oligodendroglial element, which has not been considered in the first 
note. 

A careful study of numerous sections specifically impregnated with 
silver carbonate by the method of del Rio Hortega has allowed us to 
make a fortunate survey of the various stages of transformation of 
oligodendroglia cells into amyloid bodies. 

It seems to us that the first step toward a transformation of the 
oligodendroglia cell into an amyloid body is generally the condition 
known as acute swelling, first described b)'' Penfield and Cone. Figure 9 
illustrates such an early stage of transformation of the oligodendroglial 

19. A note appearing in tlie November issue of the Proceedings of the Societ}’ 
for Experimental Biology and Medicine (28:172, 1930) reports the results of 
Grayzel, Jacobi, Alaslow and Warshall in experimental amyloidosis. These 
authors have succeeded in producing diffuse amjdoidosis by repeated subcutaneous 
or iiitramuscular injections of 5 per cent aqueous suspension of sodium caseinate. 
In the summary of their results it is reported that amj'loid bodies first appeared 
in the spleen, then in the liver and later in the kidneys. In each instance amyloid 
substance was first noted within cells of the reticulo-endothelial system. The 
observations clearly demonstrate the intracellular origin of amyloid substance, thus 
harmonizing with my own observations of the intracellular origin of the amyloid 
body in the central nervous system. 
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cell into an amyloid body. It may be .seen that while the cytoplasm 
is swollen and distinctly recognizable, the miclens has lost some of its 
chromatin bodies and has acquired a particular glassy, homogeneous 
appearance. The prolongments may still be seen in moderate amount 
and undergoing fragmentation. 

In a further stage the degenerated nucleus invades more or less 
the whole cellular element, and the amyloid body would acquire its 
whole individuality were it nut for the presence of one or two prolong- 
ments that still establish the cellular origin of the structure. Figures 
10, 11 and 12 illustrate the occurrence of amyloid bodies to which 



Fig. 9. — Swollen oligoclenclroglial cells with nuclei inulergoing amyloid degen- 
eration. 

two, and later, one, prolongmcnt still remains attached. Figure 10 
clearly shows that a certain amount of cyto])lasm is still visible at the 
site of origin of one of the two prolongments. The cellular nature 
of the element from which the central structure derives cannot he 
questioned in the aforementioned case. In figure 11a definite amount 
of swollen cytO]Dlasm is still detectable over the upper portion of the 
amyloid body opposite to the origin of the process that is still attached 
to the cell. Figure 12 illustrates also the occurrence of a small vacuo- 
lated ring of cytoplasm still surrounding the amyloid body, to which 
a long prolongment is attached. Morphologically, no difiference is 
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Fig. 10. — Amyloid degeneration of an oligodendroglial cell still possessing two 
prolongments. 



Fig. 11. — Amyloid degeneration of an oligodendroglial cell still showing one 
prolongment; swelling of part of the cytoplasm is also demonstrated. 
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Fig. 12. — Amyloid body wilb prolongmcnt pointing to its cellular origin. 



Fig. 13.— Swollen oligodendroglial cell containing a full-formed amyloid body 
derived from the nucleus of the cell. 
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Fig. 14. — Two amj'loicl bodies contained in tlic remnants of cellular structures 
undergoing fragmentation. 



Fig. 15. — Three amyloid bodies collected in 
lection of oligodendroglial cells. 


a cluster, recalling the normal col- 
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evident between the amyloid body in question and the other smaller 
ones scattered in the same field. 

At a later stage the oligodendroglia cell loses all its jirolongments, 
and the amyloid body may appear located at the center of the cellular 
formation surrounded by more or less cytoplasm clearly jiointing to 
the nuclear origin of the central ma.ss. The resulting picture is mor- 
jihologically identical with the acute swelling that occurs in oligoden- 
droglia cells, the dilTorence residing in the chemical reaction of the 
nucleus. 

'fhat the .structure from which the amyloid body derives is a cellular 
structure is also proved by the fact, as shown in figure 14, that the 
amyloid body may at times he pre.sent in the center of a cellular element 



Fig. 16. — Collection of normal oligodciulroglial cells in clusters of two and 
three elements. 

undergoing a process of breaking down of both cell membrane and 
prolongments. There is no doubt in our mind as to the cellular nature 
of the original elements, nor of the amyloid nature of the central bodies, 
which are identical with other free amyloid bodies detectable in the 
same section. 

We have also centered our attention on finding collections of two 
or three amyloid bodies in various stages of formation, recalling the 
normal collection of oligodendroglia cells. Figure 15 clearly demon- 
strates the collection of three amyloid bodies, one of which still retains 
a few prolongments, recalling with .striking identity the collection of 
oligodendroglia cells as it occurs in normal tissue (fig. 16). 

In conclusion it may he said that by the method of del Rio Hortega 
one is able to follow the sequence of events in the ])roduction of corpora 
amylacea from the oligodendro.glia cells. The advocates of other origins 
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of the amyloid bodies have failed to demonstrate a like sequence of 
events. That the amyloid bodies are developed from the nucleus of 
the oligodendroglia seems to be fairly well brought out by our investi- 
gation. Whether the oligodendroglia is the only element in addition 
to the microglia from which the amyloid bodies can develop is a 
question that should be left open for further investigation. All that 
we can say is that, at least in the brain, we have failed to encounter 
other structures that would suggest a transformation into amyloid 
bodies. Control staining by the Nissl metliod. the Cajal method or 
the Bielschowsky method for axis cylinders has been unsuccessful in 
our hands in establishing any derivation of the amyloid bodies from 
such structures. Our aim has been to establish only the new fact that, 
irrespective of their sources, oligodendroglial cells degenerate into amy- 
loid bodies and that the degeneration is primarily a degeneration of 
the nucleus. This degeneration can be especially well studied in cases of 
epilepsy, particularly in Ammon’s horn, as this region has already l)een 
recognized as one of the most sensitive regions of the brain owing 
to a defective vascular supply (Uchimura -"). It is possible that 
through repeated injury due to paroxysmal vasos])asm insufficient nutri- 
tion takes place, which is followed b}' the degeneration of oligoden- 
droglia into amyloid substance. Whether or not the first stage of 
reaction is always a condition of acute swelling is a matter for specu- 
lation. hut while acute swelling is a reversil)le pathologic condition, 
once the amyloid degeneration has taken place in the cellular element 
the condition is presumably permanent. 


20. Uchimura, J. : Ztschr. f. d. gc.s. Xeiirol. u. Psycliial. 109:501, 1927. 
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To the present, only seven strains of BacUlus sorcicllii have been 
reported. The first two of these were recognized in man in 1922 hy 
Sordelli ' at Buenos Aires in a gangrenous postoperative infection and in 
a gangrenous wound followitig a fracture, rmd in view of the apparently 
intermediate position of the organi.sm between B. ocdcmaiicns (B.novyi) 
and B. sporogciics, he named it Bacillus ocdciiiatis-spnrogcncs.- 

A second series of three cultures was recovered by Aleleney, 
Humphreys and Carp from a fatal ])ostopcrative infection and from 
two samples of catgut in the Pre.sbyterian Hospital in New York. 
Not knowing of Sordelliks work, and su])i)osing they had discovered 
an entirely new species of anaerobic bacillus, the New York investi- 
gators gave their cultures the name Chsindiinn ocdoitafoidcsP In 
the meantime. Hall and Scott * had confirmed the distinctive properties 
of B. ocdcmaiis-sporogcucs, but con.sidering the trinomial to be invalid 
and both of its components to be easily confused with names of other 
species, if used in a binomial, they renamed the South American cul- 
tures Bacillus sordcllii in honor of their discoverer, and on purely 
morphologic and cultural grounds suggested the possibility of an identity 
with Cl. ocdciuatoidcs. Their actual identity was later proved by careful 
morphologic and cultural comparisons and by tests for cross-protection 
with sjjecific antitoxins ; this research was carried on independently by 
Humphreys and Meleney and by Hall, Jungherr and Rymer.*'' 

* Submitted for publication, Jan. 12, 1931. 

* From the departments of bacteriology and puldic liealtli, and pathology, 
University of Colorado School of Medicine and Hospitals. 

1. Sordelli, A.: Rev. .Asoc. mcd. argent. 35 -.308, 1922; Compt. rend. Soc. de 
biol. 87:838, 1922; 89:53, 192.3. 

2. Sordelli, A.: Rev. Asoc. med. argent. 36:.52, 1923; Rev. del Inst. Dept. 
Nac. de hig. 3:1, 1923. 

3. Meleney, F. L. ; Humphreys, F. B., and Carp, L. : Proc. Soc. Exper. Biol. 
& Med. 24:675, 1927; Surg. Gynec. Obst. 45:775, 1927. 

4. Hall, I. C., and Scott, J. P. : J. Infect. Dis. 41:329, 1927. 

5. Humphreys, F. B., and Meleney, F. L. : Proc. Soc. Exper. Biol. & Med 
25:611, 1928. 

6. Hall, I. C. ; Jungherr, E., and Rymer, M. R. : J. Infect. Dis. 45:42, 1929. 
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Hall ' later received two additional cultures from L. R. Vawter of 
Reno, Nev., which had been isolated in 1921 from cattle suffering with 
icterohemoglobinuria ; these were shown to be morphologically, cultur- 
ally and serologically similar to the South American and New York 
strains. 

We now report a new strain recovered from the heart blood and 
peritoneal cavity at autopsy in a case of peritonitis in which no opera- 
tion was performed. We thus record the probability of the occasional 
origin and residence of B. sordcllii in the intestinal tract of man, as 
well as its occurrence in a fourth geographic location. This is also 
believed to be the first instance in which there has been described an 
infection with B. sordcllii wnlhout previous operative or recent external 
trauma. 

ABSTRACT OF CASE IIISTORV 

J. C., an obese Negro, aged 55, admitted to the hospital on Sept. 17, 1929, gave 
a historj'' of S 3 'philis and gonorrhea and of a parah'tic stroke in April. 1928, with 
partial recover}- followed by periods of intermittent delirium. The results of the 
physical and routine laboratory examinations have no particular significance in 
relation to the terminal infection and are therefore omitted. Suffice it to say that 
a diagnosis of chronic mj’ocarditis with decompensation, hypertension and arterio- 
sclerosis was made. 

The patient was kept in bed, but with difficulty, owing to his mental confusion. 
He was placed on a milk diet and given cpsom salts and digitalis and repeated 
colonic irrigations. There was considerable incontinence, and the odor of the 
feces was offensive. 

During the first two weeks the temperature fluctuated between 98 and 100 F. ; 
his general condition gradual!}- grew worse, and he died on October 6. Forty- 
eight hours before death the temperature, Avhich had been normal, began to rise, 
reaching 101 F. in about twenty hours ; it then dropped back to normal, but 
quickly shot up to from 104 to 104.4 F., at which it remained until shortly before 
death. During the last four days the pulse rate fluctuated between 110 and 130. 
The respiratory rate also increased from a previous average of about 22 to about 
40 a minute twenty-four hours before death, but the breathing was so shallow 
toward the end that the respirations could scarcely be counted. Simultaneously 
with the rise in temperature much mucus and later bright blood appeared in the 
stools and continued to ooze from the rectum until the patient died. 

Autopsy . — The body was cooled as quickly as possible to about 4 C. ; autopsy 
was performed twenty-two and one-half hours after death. Only those features 
of the gross and microscopic picture that might have a bearing on the bactcriologic 
observations will be mentioned. 

The peritoneal cavity contained about 1.000 cc. of slightly yellow, turbid fluid. 
Two sections of the sigmoid were markedly reddened, and almost hemorrhagic, 
and one of these was adherent to the iliac crest by fresh fibrinous exudate. The 
peritoneum was also slightly injected. There were a few old pleural adhesions 
posteriorly, but no free fluid. There was a small amount of straw-colored fluid 
in the pericardium. 


7. Hall. I. C.: J. Infect. Dis. 45 : 156 , 1929. 
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Tho diagnosis of chronic heart disease with hypertension was confirmed. There 
was no macroscopic or microscopic evidence in tiic lieart of the specific terminal 
infection. 

The right lung weiglicd 610 Gm. The posterior and upper part of the upper 
lobes were deep red and were somewhat raised; on section a moderate amount 
of fluid could he e.xpressed. Microscopically, tlie alveoli were emphysematous, 
and in places the walls were thickened. Some of them contained scrum and a 
few polymorphonuclear leukocytes. The walls of the blood vessels were thick. 
The left lung weighed 370 Gm., varied in color from gray to pink, mottled with 
black, and contained air throughout, with emphysema in many sections. 
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Fig. 1. — Photomicrograph showing gram-positive bacilli, thought to be B. sor- 
dellii, diffusely distributed through the submucosa of the sigmoid, as 'seen with the 
high dry lens (Gram stain). 


There were a few small hemorrhages in the ileum and jejunum. The sigmoid 
was adherent to the peritoneum near the crest of the ileum by a fresh fibrinous 
exudate, and both sigmoid and rectum contained three circumscribed deep red 
areas with thickened and ulcerated mucosa. On section the entire wall was swol- 
len, hemorrhagic and necrotic, and at one point there had been an acute inflam- 
matory reaction over its peritoneal surface. At this point the entire wall was a 
thick layer of edematous hemorrhagic tissue, in wdiich one could see dull gray 
or opaque yellow streaks. This process extended to the peritoneum and at the 
site of the peritonitis extended through it. The blood vessels in the region of 
these areas showed no change. 
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Sc\eral sections taken through the intestine, especially at the site of the local 
peritonitis, revealed an infection of the entire wall. 

The mucosa of the sigmoid was entirely necrotic and was replaced by a scro- 
fibrinopurulent layer with clumps of bacteria deposited on the surface. 

The submucosa was thick and edematous and laden with polymorphonuclear 
leukoc 3 'tes, zones of hemorrhage and small clumps of bacteria. The upper part 
of the submucosa was necrotic, but less so than the mucosa. 

In the muscular coat onh- few good muscle cells were seen. For the most 
part, the cells were vacuolated or had been entirely destroyed by an c.Midate simi- 
lar to that in the submucosa, but less intense. 



Fig. 2. — Photomicrograph showing gram-positive sporulating bacilli, thought 
to be B. sordellii, in the submucosa of the sigmoid as seen with the oil immersion 
lens (Gram stain). 


The serosa was also the seat of an inflammator 3 " reaction, and the walls of 
several of the arteries were necrotic and infiltrated by polymorphonuclear leuko- 
C3'tes. 

Tissues stained by Gram's method showed large masses of gram-positive bacilli 
and cocci and gram-negative bacteria in the mucosa, but only large gram-positive 
bacilli with subterminal spores in the submucosa, muscularis and serosa (figs. 1 
and 2). 

The liver ucighed 1,350 Gm , and was reddish brown and firm, with indistinct 
markings on section. The central veins were congested, and the adjacent cells 
had apparently undergo'ne postmortem necrosis and vacuolization. 
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Badcriologic Exainhiatioii . — Unfortiiiiatcly no bacteriolofiic work was clone 
jirior to death. At autopsy blood was secured from tlic licarl I)y means of a sterile 
Pasteur pipet plunped thronph a seared area on the ri^ht ventricle. .‘\s in most 
cases of septicemia, the blood was .<till unclotled. Direct microscopic examination 
of stained smears showed the pre.sence of nnmerons larp:c ^I'am-positive rods. 

Primary culture was made in deep brain medium : on incubation gas and 
turbidity developed, which were shown to he due to a mixed culture of thick 
gram-positive rods and slender gram-positive rods. .Subculture on a blood agar 
plate jiroved that no aerobic bacteria were present, and the failure of a culture in 
milk (constricted tube) to show the stormy fermentation characteristic of B. 
7 i‘clcliii enabled us to e.xclude the presence of this organism. A difference in the 
siae of the colonies in deep agar enabled us to distinguish between the two species 
<if anaerobic bacilli that were iiresent, and by repeated picking of such colonics 
we secured i)ure cultures of each. 

The slender rod forming minute colonies proved to he motile and to have an 
oval terminal spore. It fermented dextrose and s.alicin. with the formation of 
acid and gas, hut not lactose, and failed to ])roduce any black discoloration deeply 
in a tube containing iron-brain medium; neither did it liquefy gelatin on 
incubation for one week. .A guinea-pig weighing 250 Gm. inoculated with 2 cc. 
of a seven day dextrose broth ctdture indicated a lack of i)athogenicity. This 
organism was apparently identical with one that we have not infrcc|ucntly recov- 
ered from (leritoneal fluid and occasionally from heart blood in cases of peritonitis, 
hut its actual identity is still uudetermined. It is closely related to B. tctaito- 
worphus, hut dilTers from the latter in its failure to liquefy gelatin and in its 
fermentation of salicin. It is considered to have been a secondary invader of no 
importance. 

We were unprepared to find so unusual an organism as B. sordcUU. The pre- 
liminary observation of the pure culture containing the larger rod, in deep agar, 
on blood agar slants under alkaline pyrogallol, and in milk and gelatin in con- 
stricted tubes, suggested cither B. bifenucnlaus or B. ccnlrosparogcucs, which we 
have occasionally recovered as secondar 3 ' or incidental invaders in peritonitis ; 
but these species arc nonpathogenic for lahorator.v animals, and it was only the 
marked and characteristic action of the organism on subcutaneous inoculation into 
guinea-pigs that called our attention to the true identitj’ of this new strain of 
B. sordcllii, which was later confirmed by the toxin-antitoxin tests. This experi- 
ence showed the close relationship of these species and suggested that not too 
much reliance can be placed on the usualh' subtcrminal ])osition of the spore in 
B. sordcUii as a means of differentiation from B. ccntrosporogcucs and B. bifer- 
mciilaits, because young spores of B. sordcllii arc apt to be centrally located, as 
we have previouslj" pointed out. We emphasize the necessity of tests for viru- 
lence and particular!}' tests for protection with specific antito.xin in the recognition 
of this species. At the same time, it should be recalled that one of our South 
American strains of B. sordcllii has never shown any sign of virulence in our 
hands, but such strains can be distinguished from B. centrosporogenes by the 
agglutination test.® 

It suffices here to say that the larger rod from the heart blood showed all of 
the usual morphologic and cultural properties of B. sordcllii and was definitely 
identified by means of a horse serum prepared against our South American strain 
of B. sordcllii, and also by means of a rabbit serum prepared against the New 
York strain. 


8. Scott, A. L. : Univ. Colorado Stud. 30:102, 1930. 
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An identical organism was present apparently in pure culture in the peritoneal 
(luicl, which was carefully collected, precautions being taken to avoid its contamina- 
tion through contact with the pathologist’s • fingers and knife. This fluid was 
slightly turbid and slightly green. Micro.scopically, it contained numerous large 
gram-positive rods; the primary culture of these appeared to be pure and was 
likewise identified as B. sordcUU. 

Neither culture differs in any respect from South American, New York and 
Nevada strains, as described in the literature, and it is therefore unnecessary to 
repeat the description of their properties in detail, for which we may refer the 
interested reader to the previous publications. We call attention, however, to the 
protocol of our tests for virulence and antitoxic protection as summarized in 
the table. 

Inspection of the table shows that in each scries of tests the protected animal 
was always smaller than the unprotected control, but received a larger dose of 
culture or filtrate, in some cases five times as milch. This arrangement of the 
experiments conclusively demonstrated the protective effect of the antiserums and 
confirmed the identity of the new cultures. 

COMMKXT 

The final cause of cleatli in this patient was apparently an invasion 
into and through the intestinal wall by B. sordcUii, resulting in peri- 
tonitis and septicemia with the profound toxemia that characterizes 
the action of this micro-organism. The intestinal lesion that we found 
was essentially similar to the infected wound described by Meleney, 
Humphreys and Carp, as indicated by the extensive edema of the 
intestinal wall, the infiltration by polymorphonuclear leukocytes, the 
necrosis of the muscularis and the irregular distribution of the bacilli. 

Although the liver showed numerous small areas of necrosis, lack 
of tissue reaction distinguished the changes which we observed in this 
organ from those observed by Meleney and his associates. We are 
inclined to regard the changes in the liver in our case as essentially 
post mortem. 

Tissues from all of the. organs were stained by Gram’s method for 
bacteria, but bacteria could be detected onl}' in the suprarenal glands, 
pancreas and kidneys, and it is noteworthy that in these tissues they 
were in the fat and connective tissue around the organs and extended 
into them from the outside only at one or tw'o points. No inflammatory 
reaction was observed in any of these organs on examination of tissues ; 
neither were bacteria demonstrable in the capillaries of the lungs, and 
their presence in the suprarenal glands, liver, pancreas and kidneys 
should probably be regarded as due to postmortem multiplication of 
bacteria present in small numbers in the blood stream at the time of 
death. Thus the process was essentially a fulminating sigmoiditis and 
proctitis, with terminal peritonitis, septicemia and toxemia due to inva- 
sion of the intestinal wall by B. sordeUil from the contents of the 
intestine. 
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We are not inclined to think that B. sordellii will be frequently found 
as an infecting agent in man. Dr. Hall has been actively engaged for 
the past eighteen years in collecting and identifying cultures of anaerobic 
bacilli from various sources, without encountering any strains other 
than those that we have mentioned. This experience has covered 
numerous cultures from all parts of the United States and of Europe 
and from South America, as well as many cultures previously isolated 
from human sources. Thus the present case is the only one in which 
this organism was demonstrated in more than 250 autopsies on man 
and examinations of infected wounds, carefully analyzed for anaerobic 
bacilli during the past five years. The fact that B. sordellii forms highly 
resistant spores and is easily cultivated in all of the mediums and 
devices commonly used for anaerobic bacteria suggests that if it were 
common in nature it would have been detected long ago and would 
have been found by many investigators instead of by only four groups. 
Yet its great virulence and the possibility of its occurrence in infected 
wounds and in obstructive and postoperative peritonitis seem to us to 
justify the inclusion of its antitoxin in the ])olyvalent serums that are 
now being advocated in the prophylaxis and treatment for these condi- 
tions. Several American firms are now preparing serums containing 
antitoxin for B. sordellii. 

SUMMARY 

A case of chronic hypertensive cardiac disease with decompensation 
and multiple hemorrhages, in which there were a terminal peritonitis and 
septicemia due to invasion by B. sordellii from the intestinal tract, is 
described. This is believed to be the first recorded infection by B, sor- 
dellii without operative procedure or recent external trauma in man. 
It clearly indicates the occasional residence of this bacillus in the intes- 
tinal tract of man. This is also the fourth geographic locality to yield 
an infection with this organism. The propriety of including the anti- 
toxin for B. sordellii in polyvalent serums for wound infections, 
peritonitis and intestinal obstruction is emphasized. 
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AVIAN TUBERCLE BACILLUS INFECTION. WITH 
SPECIAL REFEl^ENCE TO MAMMALS 
AND TO MAN 

ITS KEl’ORTEn ASSOCIATION WITH IIOPGKTN’S DISKASK '•= 

ARNOLD BRANCH, .V.D. 

IIOSTOX 

Although Koch ' was familiar with tuberculosis of birds, the prob- 
able specificity of the avian tubercle bacillus apparently did not at first 
suggest itself to him. At the Tenth International Congress on Medicine 
in Berlin, in 1890, however, from the evidence of Nocard," Roux,^ 
Rivolta,^ and more especiall}' Maffucci,’' he declared that he was will- 
ing to accept the bacillus of tuberculosis of fowls as a sejiaratc species, 
though closely related to the mammalian type. He foresaw the impor- 
tant practical problem that would be jiresented, namely, the question of 
whether this organism was jiathogcnic for man, a problem which is 
not entirely solved today. As early as 1893, Kruse'' stated that he had 
obtained cultures of avian tubercle bacilli from lesions in man and cat- 
tle and cultures of mammalian bacilli from the bodies of fowls, showing, 
in his opinion, that mammals were not always refractory to infec- 
tion with the avian tubercle bacillus nor birds to infection with the 
mammalian type. In any discussion of this subject the papers of Koch 
and Rabinowitsch “ and of Weber ^ on the specificity and identification 
of the organism should also be mentioned as pioneer work. The present 
review is attempted, and seems timely, for the reason that in recent 
years more and more interest has been shown in the pathogenicity of 
avian tubercle bacilli for mammals, as evidenced by the increasing num- 

* Submitted for publication, Fel). 2, 1931. 

*From tlie Department of Patliolog}^ Harvard Medical Scliool. 
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Wilkins Company, 1923. 
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ber of cases reported and by the campaign championed in this county by 
Van Es " for the eradication of tuberculous fowls. There have also 
entered medical literature reports of the possible etiologic connection 
of this organism with Hodgkin’s disease (L’Esperance ®), an obser- 
vation, which, if confirmed, would be extremely important. 

CHARACTERISTICS OF THE AVIAN TUBERCLE BACILLUS 

It is necessaiy to define at the outset what requirements must be 
fulfilled if a diagnosis of infection with avian tubercle bacilli is to be 
made and to consider cases reported in the literature as authentic only 
when they meet these requirements. All others will be considered as 
probable but unproved, the evidence submitted being insufficient to 
warrant an absolute diagnosis. 

Avian tubercle bacilli are acid-fast organisms that produce tuber- 
culin or sensitize animals to a known tuberculin, jireferably avian ; as 
first pointed out by Straus and Gamaleia," they grow more readily on 
ordinary solid culture mediums than the other types of tubercle bacilli. 
The growth is apt to be more moist and glistening than that of the 
mammalian type. On suitable fluid mediums (glycerin broth or syn- 
thetic mediums) growth occurs without the necessity of floating the 
inoculum on the surface, and a sediment as well as a surface pellicle 
forms. Avian tubercle bacilli are more viable in culture mediums than 
mammalian, and the optimum temperature for their growth is higher 
than that for the growth of the mammalian species (from 40 to 43 C.). 
Theobald Smith’s acid curve resembles the bovine type (Bang^). Ren- 
frew, Bass and Johnson,^® using Long’s synthetic medium at pn 6.6, 
found that in 4 weeks the pu drops to 5.2 and then gradually rises in 16 
weeks to the original, or a slightly higher pu. Virulent avian tubercle 
bacilli are pathogenic for fowls and for rabbits after intravenous inoc- 
ulation. In summary, the minimum requirements for a diagnosis of 
avian tubercle bacillus infection are acid-fastness with the capacity 
for forming tuberculin or for sensitizing animals to a known tuberculin, 
growth in suitable fluid mediums after inoculation in the depth of the 
medium and pathogenicity for fowls and ralibits after intravenous 
inoculation. 

It is possible that the requirements may exclude some reported 
authentic cases of infection of man with avian tubercle bacilli. For 

7. Van Es, L.: J. Am. Vet. M. A. 76:396, 1930. 

8. L’Esperance, E. S. : J. Immunol. 16:27, 1929; 16:37, 1929; 18:127 and 
133, 1930. 

9. Straus, I., and Gamaleia, N. : Arch, de med. exper. et d’anat. path. 3:457, 
1891. 

10. Renfrew, A. G.; Bass, S. L., and Johnson, T. B.: Am. Rev. Tuberc. 20: 
114, 1929. 
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example, Lou-enstein was quoted by Krasso and Nolhnagel “ as saying 
that j^athogenicity for chickens may he lost by passage through man. 
]3ut until more definite methods arc introduced for typing tubercle 
bacilli, one is not justified in including them. It must be remembered 
that there are cases of infection of man with acid-fast organisms not 
tubercle bacilli (Cobbett'-). For example, Dr. J3ayne-Jones has writ- 
ten me that he is at present studying such an organism grown from the 
purulent pleural exudate of a child. It is also possible that further study 
may place some of the cases reported here in this grouj). 

Petroff and Branch described 2 ty})es of colonies from an avian 
culture. One of these was smooth and glistening and the other dry. 
Recently Petroff and Steenken showed that the smooth “S” colony 
is virulent for rabbits and chickens, while the “R” colony in like doses 
is not. I have been able to isolate similar cultural dissociates from a strain 
obtaitied from L'Esperance. This work tends to throw some light on 
the variation in pathogenicity of .avian strains and also on their occa- 
sionally atypical macroscopic appearances, cultures having been isolated 
that on solid mediums show a drv growth resembling that of mam- 
malian strains. A purely pathologic anatomic diagnosis is not conclu- 
sive, even though, as will be seen later, the character of the lesion in 
birds is somewhat typical, and though Lowenstein (1924) thought that 
there is a definite pathologic picture in man. Some cases of infection 
with avian tubercle bacillus in man are reported on this basis alone. 

AVIAX TUISERCCE UACIELUS IXEl-XTIOX OF BIRDS AXD OF 

ma:mmals other thax max 

Birds . — The following birds are susceptible to infection with avian 
tubercle bacilli ; fowls, pigeons, pheasants, pea-fowls, turkeys, swans, 
canaries, finches, parrots, sparrows, arctic swans, vultures, ostriches, 
nandus, ibises, herons, gulls, eagles, crows, ducks and geese (Calm- 
ette^®). Schalk found it difficult to infect sparrows and pigeons by 
ingestion, although the disease occurs in them spontaneously. An inter- 
esting fact is that parrots, parrakeets and probably canaries are also 
susceptible to infection with mammalian tubercle bacilli. 

11. Krasso, H., and Notlinagel, H. : Wien. Arch. f. inn. Med. 11:507, 1925. 

12. Cobbett, L. : Brit. M. J. 2:255, 1918. 

13. Petroff, S. A., and Branch, A.: Bull. Internat. A, M. Mus. 12:135, 1929. 

14. Petroff, S. A., and Steenken, W., Jr.: J. E.vper. Med. 51:831, 1930. 

15. Lowenstein, E. : Ztschr, f. Tuberk. u. Heilstattenw. 7:491, 1905; Wien, 
klin. Wchnschr. 26:785, 1913; Ztschr. f, Tuberk. 41:18, 1924; Med. Klin 24:1782 
1928. 

16; Calmette, A.: Tubercle Bacillus Infection and Tuberculosis in Man and 
Animals, tr. by W. B. Soper and G. H. Smith, Baltimore, Williams & Wilkins 
Company, 1923. 

17. Schalk, A. F.: J. Am. Vet. M. A. 72:852, 1928. 
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The lesions of avian tuberculosis in birds are most common in the 
intestines and abdominal viscera. The intestines show ulcers and par- 
ticularly encapsulated masses which project from the serous coats. 
The liver, spleen and abdominal lymj)h nodes are also studded with 
well demarcated, larger or smaller nodules. Histologically, acid-fast 
bacilli occur in very large numbers in the central vitreous or necrotic 
area, surrounded by mononuclears and foreign body giant cells arranged 
as a shell or sheath around conglomerate tubules. Besides this follicular 
or nodular form characterized by a granuloma with atypical necrosis 
and lack of caseation, of calcification and of typical Langerhans’ giant 
cells, Chretien, Germain and Raymond described a pseudoneoplastic 
form which resembles an encephaloid cancer and is composed of a 
proliferation of large polyhedral cells, with infiltration. Graduations 
between the 2 types occur. 

Mammals Other Than MaiiM — Spontaneous lesions have been 
reported in mice (de Jongh ^), rats, rabbits, swine, cattle, sheep, horses, 
bullocks, monkeys, wallabies, and rat-kangaroos (Lucas'®), Grififith 
recently reported 2 cases of infection of the lymph nodes at the hilus 
in guinea-pigs exposed to tuberculous fowls. Guinea-pigs are gen- 
erally considered resistant. Dogs are apparently not susceptible, though 
Feldman reported dissemination after intracerebral inoculation. 
Mice and rabbits are susceptible. Guinea-pigs are resistant, except to 
large doses injected intraperitoneally, following which they succumb 
to septicemia. Plum stressed the association of the avian tubercle bacil- 
lus with abortion of cattle. Swine are readily infected by feeding drop- 
pings of infected chickens (Schalk^'). They do not, however, show 
generalized tuberculosis, the lesions being confined to the lymph nodes 
(Cornell and Griffith Schalk found that 88 per cent of localized 
tuberculous lesions in 30 swine selected at random in North Dakota 
and Western Minnesota were due to avian bacilli. Van Es and 
Martin^® made a similar observation in Nebraska. Dr. Van Es “® sent 

18. Chretien: Germain, and Ra}’mond: Rev. de la tuberculosc 4:25, 1923. 

19. For detailed studies see Griffith, F. : Report of the Ro 3 'al Commission on 
Tuberculosis, Final Report, 1911, pt. 2, vol. 4, p. 167. Eastwood, A., and Griffith, 
F. : Report Local Government Board, no. 88, 1914. Griffith, A. S. : J. Comp. 
Path. & Therap. 38:157, 1925. 

20. Lucas, N. S.: J. Path. & Bact. 28:123, 1925. 

21. Griffith, A. S.: J. Path. & Bact. 33:153, 1930. 

22. Feldman, W. H.: J. Am. Vet. M. A. 76:399, 1930. 

23. Plum, N : Senchenbekampfung 5:62, 1928. 

24. Cornell, R. L., and Griffith, A. S. : J. Comp. Path. & Therap. 43:56, 1930, 

25. Van Es, L., and Martin, H. M. : Univ. Nebraska Coll. Agric. Exper. Sta. 
Research Bull. 30, 1925. 

26. Van Es, L. ; Personal communication to the author; J. Am. Vet. M. A. 
70:775, 1927. 
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me an nn])ublisbccl tabulation of the results of examination of 1,082 
lesions from bovine, porcine, human and avian sources (table 1). By 
reference to table 1, it ma}' be seen that avian tubercle bacilli were 
recovered from II of 164 isolated lesions in cattle, from 199 of 258 
discrete lesions in swine, and from 104 of 110 lesions in birds. It was 
not discovered in 394 noni)ulmonary lesions in man or in 3 cases of 
Hodgkin's disease. Plum rejjortcd isolating both avian and bovine 
tubercle bacilli from a single cow. Cases of this sort may be missed 
if chickens, as well as guinea-pigs and rabbits, are not inoculated with 

Taiii.k 1. — The Dislribiilioii of Ai'ian Tuberculosis iu Mounuals (Vau Es) 
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the original infected material or with dilterent colonies of organisms 
isolated in culture. 

For experimental inoculation the rabbit is the mammal most fre- 
quently used. Intravenous inoculation of large doses results in rapid 
death within 9 days, according to Parker and Spies,"" while one is 
accustomed to seeing it occur in from 17 to 25 days. On the other 
hand, small doses administered intravenousl}' are well borne, and the 
animals may survive and develop characteristic purulent joint lesions. 
Petroff and Steenken showed that 0.3 Gm. of the “S” colony kills, 
while similar doses of the "R” colony are well borne. Subcutaneous 
inoculation of some strains may kill (Lucas""). It is customary to 
speak of the former type as death from bacillemia of Yersin, though in 
my experience histologic examination of the spleen, bone marrow and 
liver yields evidence of typical formation of tubercles and,, with, the 
more virulent bacilli, areas of infarction and necrosis. 


27. Parker, F., Jr., and Spies, T.: Personal communication to tlie author. 
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Summary . — In this preamble it has Ijeen pointed out that the avian 
tubercle bacillus is the causative agent in the greatest number of cases 
of tuberculosis in birds, but that apparently some of these are rela- 
tively immune. Some birds, notably the parrot, may be readily infected 
also with mammalian types. In the case of mammals other than man, 
swine show the greatest incidence of avian tuberculosis ; it also occurs 
in cattle. Experimentally, mice and rabbits may be infected. 

AVIAN TUBERCLE BACILLUS INFECTION IN MAN 

Clinical Manifestations . — Table 2 shows briefly the lesions that have 
been reported. From the table it ma}- be seen that the disease mani- 
fests itself in various forms, the most common being ulcers and 
abscesses of the skin and mucous membranes, renal tuberculosis, a 
septic form simulating typhoid fever, “sarcoid” of the skin, dyscrasia of 
the blood and enlargement of lymph nodes. The point stressed by most 
authors is the occurrence of a specific reaction to avian tuberculin in 
much higher dilution than that of mammalian tuberculin. 

Lowenstein,^® in discussing cases of infection with avian tubercle 
bacillus in man, stated that the first stage is accompanied by a long con- 
tinued remittent fever, with elevation of the temperature in the eve- 
ning. A splenic tumor is almost always jiresent. There are three sites 
of predilection for metastases; (1) the bone marrow, (2) the kidney 
and (3) the skin. To these should be added the lymph nodes. 

Cutaneous Lesions : Urbach spoke of 4 different types of lesions 
of the skin; he considered the first 3 of these to be hematogenous 
and the fourth to be due to direct inoculation : ( 1 ) an aphthous sep- 
ticemic form with changes in bones and joint, (2) a sarcoid-like lesion, 
(3) a gummatous form and (4) a local ulcerous form. 

The ulcers tend to heal and recur. The lesions may be mistaken 
for those of syphilis, atypical tuberculosis, sporotrichosis or even 
leprosy. 

Urogenital Form: The interesting point in the cases of urogenital 
infection is the rapid disappearance of the bacilli following treatment 
with avian tuberculin, some cases having been followed for 6 years 
and longer. In 1 of Joannovic’s cases “healing” was apparently 
spontaneous. In Deutsch’s case, the kidney Avas removed and showed 
extensive disease with caAutation. In spite of the long duration of the 
infection, the urinary bladder is usuall}'- not involved or but slightly. 
The bacilli are apt to be intracellular (polymorphonuclear leukocytes) 
and to occur in veiy large numbers. 

28. Urbach, E. : Arch. f. Dermal, u. Sj'ph. 157:360, 1929. 

29. Joannovic, G. : Wien. med. Wchnschr. 73:22, 1923. 

30. Deutsch, I.: Med. Klin. 21:1883, 1925. 
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Lesions of the Bone jMarrow : Little at present is known as to the 
lesions of the bone marrow, except that in 2 cases of clinical “poly- 
cythemia rubra” and in 5 of “myelogenous leukemia” avian tubercle 
bacilli were found post mortem (quoted by Ld wen stein Elias and 
liitzenbcrger observed that the splenic tumor in such cases is not 
susceptible to roentgen treatment. 

That all cases of polycythemia or leukemia are not necessarily due 
to this organism is suggested by the careful work of Pinkerton on 
several cases of an unusual leukemic condition in children. lie was 
unable to demonstrate acid-fast bacilli in .sections in any of his cases. 

Pathologic Aiiatoiiiy. — Pathologic material to date is rather meager, 
consisting of some half dozen autopsies( Lowenstein,’'' L’Esperance ® 
and others). Erdheim was credited by Gasul •'= with having studied 2 
other cases. The autopsies arc summarized individually in later para- 
graphs, with the histories of the cases. Besides these, 1 surgically 
removed kidney was described by Deutsch and biopsies of skin by 
other authors. 

Spleen; As stated in the clinical discussion of these cases, a sepsis 
followed by localization in one or more sites (i.e., bone marrow, kid- 
neys, skin, etc.) is the rule, and evidence in support of these clinical 
symptoms is found. Thus the spleen was enlarged (260 Gm. and over) 
at all autopsies. It may be hard or soft, depending on the duration 
of the disease. There may be no other gross lesions in this organ, or 
there may be necrosis without ca.seation. This picture is claimed to be 
histologically characteristic. There is practically no surrounding cellu- 
lar reaction. Tubercle bacilli are I'eported in the lesion in some instances 
but particularly in the surrounding tissue. I have had the opportunity 
of studying the sections of this interesting type of necrosis from 
L’Esperance’s case. They remind one of the necrotic areas seen in 
the spleen of a guinea-pig dying of fulminating tuberculosis. In 
Dugge’s case (classed here with the probable group) the foci in the 
spleen were composed of poorly defined cellular aggregations with 
much nuclear debris. 

Kidneys : Deutsch reported caseous tuberculosis in a surgically 
removed kidne 3 ^ The kidneys were involved in two autopsies reported. 
Grossly the lesions appeared as small, punctiform, abscess-like foci in 
the cortex and medulla. Histologically these areas were composed of 
polymorphonuclear cells and dd)ris, with acid-fast bacilli in large num- 

31. Elias and Hitzenberger, quoted by Lowenstein (footnote 15, third reference). 

32. Pinkerton, H. : Aleukemic Leukemia and Atypical Leukemoid Conditions : 

Report of Seven Cases Including One of Acute Erythroblastosis Arch Path 
7:567, 1929. ' ’ , 

33. Gasul, B. M. ; Arch. Pediat. 46:67, 1929. 

34. Dugge, M. : Beitr. z. Klin. d. Tuberk. 71:538, 1929. 
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bers, many situated within the phagocytic cells. In 1 case vascular 
changes comparable with those seen in tuberculous meningitis were 
also reported. 

Bone Marrow : In 3 cases reported in which the bone marrow was 
involved, no tubercles were found. L’Esperance described necrosis, 
giant cell formation and granulomatous tissue. In the other 2 cases 
there was fibrosis. 

Lungs ; Lowenstein described multiple pea-sized, regular grayish 
foci in the lungs. These foci were composed of an intra-alveolar exudate 
of leukocytes and red blood cells. L’Esperance’s case showed nodular 
areas of consolidation like an interstitial pneumonia. 

Liver : The liver may be enlai'ged and show either tubercles or 
stippling corresponding to small foci of necrosis. 

Lymph Nodes : The lymph nodes were prominently invoh’cd and 
especially attracted attention in 2 cases (Dugge-^' and L'Esperance ®). 
Dugge reported hilar and mesenteric lymph nodes, each varying in size 
from that of a plum to that of a hazelnut, which were composed of 
poorly defined cellular aggregations with central areas of nuclear debris. 
These often fused to form larger areas. In L’Es])erance’s case, there 
was a chain of nodes in the neck which extended down around the 
aorta. I have examined these nodes; the picture is that of a non- 
specific granulomatous chronic inflammatory ])rocess. Enlarged cervical 
lymph nodes were also observed in the case of Kerl and of Urbach.-^'* 
in which there was an ulcer at the base of the tongue. 

Skin and Mucous Membranes : Urbach described 4 types of avian 
tuberculosis of the skin : an aphthous septicemic form, with changes in 
bones and joint, a gummatous form, a sarcoid and a local exogenous 
ulcerous form. The first 3 he considered to be hematogenous. 

The aphthous septicemic form is illustrated in the case reported by 
Kerl and Urbach independently. There were superficial ulcers of the 
tongue, scrotum and mucosa of the lips, tongue and pharynx. The ulcers 
were not typical of tuberculosis, and acid-fast bacilli were not demon- 
strated, but avian tubercle bacilli were grown from the tissue. The 
ulcers tended to heal and reappear, or others developed. There was little 
or no scarring. 

The gummatous type is illustrated by Lipschutz’s case. Ulcers 
had appeared 10 years previously on the soft palate, hard palate, nose 
and trunk. There was induration of the upper lip, and an ulcer occurred, 
with sharply demarcated edges and a base covered with red, suppurative 
granulations. The skin showed multiple brownish-red, nodular infiltra- 
tions, slightly elevated, round and plateau-like, with occasional ulcera- 


35. Kerl, W. ; Wien, mecl, Wchnschr. 78:840, 1928. 

36. Lipschulz, B. : Arch. f. Dermat. u. Syph. 120 ( 0.): 387, 1914. 
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tion. liistologically there was a chronic cliiTuse inflammatory granulation 
tissue, consisting of epitheloid cells, round cells and rarely tubercle- 
likc foci with no caseation. Multiple subcutaneous abscesses developed 
later. These ruptured spontaneously and discharged a thick, creamy 
pus containing large numbers of acid-fast bacilli. The abscesses difTei'ed 
from the ordinary cold ab.scess in developing in a few days, with 
intense pain, fever and redness of the .skin. 

In summary. Lbwenstein strc.s.sed the enlargement of the spleen, 
the involvement of the kidney and bone marrow and a histologic picture 
that difi'ers from the usual picture of tuberculosis in (1) tbe presence 
of disseminated foci in tbe kidney similar to abscesses, (2) tbe presence 
of an exudate in the pulmonary alveoli consisting of polymorphonuclear 
leukocytes, (3) the complete ab.sencc of proliferative changes and casea- 
tion. (4) the presence of necro.sis in the spleen and (5) the large 
number of tubercle bacilli in the foci, their situation being chiefly intra- 
cellular. Involvement of the lymph nodes is also encountered. 

lUJPOKTKn C.VSES OF AVIAN TUHEUCLE BACILLUS 
INFFXTION IN MAN 

Case 1 (Lowciistciii,^'' 1905). — A man's .sputum contained acid-fast bacilli witli 
characteristics of the avian tubercle bacillus. A pure culture was sent to Rabiuo- 
witsch and Weber, who confirmed the diagnosis. 

Case 2 (Rabinowitsch,-’'" 1907). — Avian tubercle bacilli were isolated from the 
spleen of a man aged 21. (We have been unable to obtain the original report of 
this case, which was referred to by Lowenstein as authentic.) 

Case 3 (Jansco and Elfer,''*’ 1910). — Avian tubercle bacilli were isolated from 
the tuberculous mesenteric lymph nodes of a girl aged 8. 

Case 4 (Lowenstein,^''’ 1913). — A girl, aged 3, had fever for about 2 years, 
the temperature rising in the evening to 39 C. (102.2 F.). Otherwise she was in 
good condition, except for night sweats. There was no physical or roentgenologic 
evidence of pulmonarj’ tuherculosis. The urinarj' sediment contained many acid- 
fact bacilli. She did not react to human tuberculin ; to avian tuberculin, even in 
a dilution of 1 : 100,000, there was an intense focal, local and general reaction. 
Rabbits inoculated intravenously with the urinarj' sediment died in from 4 to 6 
weeks, and acid-fast bacilli were grown from the heart’s blood. Chickens inocu- 
lated intravenously died with circumscribed tuberculosis in from 4 to 6 months. 

Case 5 (Lowenstein,^^ 1913). — A boy, aged 12, presented a picture very similar 
to that in case 4, except that acid-fast bacilli were found in the kidney only after 
injection of avian tuberculin. The animals inoculated with urinary sediment 
reacted as in case 4. 

Case 6 (Lowenstein,^'’ 1913). — Multiple infiltrations of the skin and subcuta- 
neous abscesses with ulcers in the nose, mouth and intestine marked case 6. Large 
numbers of intracellular acid-fast bacilli were found, suggesting leprosy. Chick- 

37. Rabinowitsch, L., quoted by Lowenstein (footnote 15, second reference). 

38. Jansco, N., and Elfer, A., quoted by Lowenstein (footnote 26, second 
reference). 
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ens inoculated with the organism died witli tuberculosis in 7 montlis. Tlie organ- 
ism was not very pathogenic for rabbits or for guinea-pigs. 

Case 7 (Lipschutz,^'’ 1914). — A man, aged 20, had suffered since 1904 
from ulcerous processes of the soft palate and 2 3 'ears later from similar changes 
in the hard palate and in the skin of the nose. The patient was poorly nourished, 
without obvious disease of any internal organ. The upper lip was indurated and 
was twice the normal size and ulcerated. The base of the ulcer was red and the 
edge sharp, and it extended into the nose. The uvula was absent ; the right palato- 
glossus was adherent to the posterior wall of the pharyn.x ; the gums were infil- 
trated, and there was an ulcer in the middle of the hard palate. In 1908, multiple 
lesions of the skin developed. These were elevated, flat, lirownish-rcd nodules, 
covered with epithelium and occasional small ulcerations. Thej'' were well out- 
lined, were round or lobulated, and varied in size from 1 to 2 cm. Some of these 
nodules later involuted and left dirty j-ellowish, atrophic scars. Still later there 
was an afternoon rise in temperature, and large subcutaneous abscesses developed, 
which ruptured and discharged yellow pus and healed by granulation tissue. The 
pus contained acid-fast bacilli, which produced disease in chickens and not in 
guinea-pigs. 

Case S (Joannovic,-'’ 1923). — A woman in her twenties had bronchitis and a 
temperature of 102.2 F. and later a tumor, the size of a fist, under the left costal 
arch. After several months the urine became clouded, and contained polymorplio- 
nuclear leukocytes and a large number of acid-fast bacilli. Guinea-pigs inoculated 
intraperitoneally did not become infected, but chickens inoculated intraperi- 
toneally with urinary sediment died of progressive emaciation and tuberculosis. 
The patient was treated with avian tuberculin ; the temperature declined, and 
tubercle bacilli disappeared from the urine in a year. Six years elapsed, and the 
patient was still well, except for bronchitis and slight elevation of temperature, 
but acid-fast bacilli could not be demonstrated by inoculation of either the sputum 
or the urine into animals. 

Case 9 (Joannovic,^^ 1923). — In a voluntarj' war nurse in her middle twen- 
ties, who previously had been in charge of a ciiicken house, an evening tem- 
perature of 102.2 F. developed, which did not improve in a mountain climate and 
with sun baths. Later pus developed in the urine, with colon bacilli. Joannovic, 
however, later found acid-fast organisms in large numbers in the urinar}'^ sedi- 
ment. This was inoculated into guinea-pigs and chickens intraperitoneall}'. The 
chickens died of tuberculosis, and the guinea-pigs remained well. The patient 
improved spontaneously, and six j’ears after the onset of her disease appeared 
entirely well. 

Case 10 (Deutsch,3o 1925). — A woman, aged 57, one of whose sisters had 
pulmonary tuberculosis, had, at the age of 14, a mass in the right axilla, which 
was extirpated when she was 28. Seventeen 3 '^ears later a new tumor developed 
at the same site. Ten years before examination laryngitis set in, and the patient 
had been hoarse since. For over a 3 'ear she had had pains in the region of the 
kidne 3 ' and pain and tenesmus during urination. The region of the left kidney 
was sensitive to palpation. The axillary lymph nodes were extirpated and 
histologically showed tuberculosis. C 3 -stoscopic examination revealed pus from 
the left ureter; the urinar 3 " sediment repeatedly showed acid-fast bacilli. Culture 
on gL'cerin potato 3 'ielded a 3 ^ellow, moist, confluent growth. Inoculations were 
made into guinea-pigs, rabbits and fowls. The guinea-pigs remained healthy; 
the 2 rabbits died in 3 weeks with sepsis; the chicks, sick after 4 months, were 
killed and examined and showed tuberculosis of the internal organs. The 
patient s kidne 3 ' was removed and showed a tuberculous cavitation. 
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Case 11 (Kcrl and Urbach independently, 1925).— A Ukrainian man, aged 31, 
was suddenly attacked by cliills and fever, with cough, and a stabbing pain in 
tile sternal region, lj.6 years before examination. On examination the patient 
was greatly emaciated and presented at the junction of the left rib and sternum 
a painful region, wliicli on roentgen examination did not sliow lesions. There 
was dulness at the apex of a lung, but the x-ray picture revealed active tuber- 
culosis. Several ulcers were present on the tongue, both lips and scrotum. They 
tended to heal and recur. Under observation pain and swelling occurred in the 
knee joint, with acne-like lesions on the forehead, nose and cheeks, while grave 
cachexia and evening fever persisted. Over a year later new ulcers appeared on 
the palate and lips. Intracutancous inoculation of old tuberculin in a dilution of 
1:10,000 elicited a slight reaction, but that of avian tuberculin was followed by 
an c.xtensive reaction and ulceration. Mo acid-fast organisms were found in 
smears of the ulcers, but were cultivated. These were pathogenic for guinea- 
pigs, rabbits (on intravenous and intra-ocular inoculation) and fowls. 

Case 12 (Volk quoted by Urbach =s). — In a poultry worker, 12 j-ears previous 
to examination, an ulcer of the left leg developed. There was a liistor}’ of injury 
to the left external malleolus while the patient was walking barefoot. An intra- 
cutaneous test with old tuberculin in a dilution of 1 : 1,000 resulted negatively, 
while the reaction to avian tuberculin in a dilution of 1 :10,000 was strongly posi- 
tive. Bacilli were not demonstrated in the sections, but Lowenstein grew typical 
avian tubercle bacilli. 

Case 13 (Knossew quoted by Urbach-*). — In a farm worker, 10 years before 
the illness in question, abscesses developed on the right leg, which repeatedly 
healed and broke. He reacted to avian tuberculin in a dilution of 1:1,000,000, and 
much less strongly to old tuberculin. Lowenstein cultivated avian tubercle bacilli. 
The lesions decreased under treatment with avian tuberculin. 

Case 14 (L’Esperance,* 1930). — This case of Murchison-Pcl-Epstein syndrome 
was reported as additional evidence in faA'or of the etiologic agent of Hodgkins’ 
disease being related to the avian tubercle bacillus, 3 cases of Hodgkins’ disease 
having previously been reported bj’- L’Esperancc. After examination of sections 
sent to me, I feel that a diagnosis of Hodgkins’ disease cannot be made on two 
lymph nodes and the spleen; I regard this as a true case of infection with avian 
tubercle bacillus in man, the first to be reported in the English language. 

History . — A man, aged 25, Avho came from the West Indies, noticed an 
enlarged l 3 'mph node on the left side of the neck 1^ years previous to exam- 
ination. It did not increase in size. For 2)4 months before his entrance into the 
hospital he had recurring attacks of chills, with a temperature of between 98 
and 104 F. and loss of weight. Physical examination revealed a chain of small, 
discrete cervical nodes on the left, small nodes in the axilla and groin and a 
spleen palpable 4 fingerbreadths below the costal margin. “The blood count was 
not distinctive.’’ An x-raj" picture revealed enlarged nodes at the hilus of 
the lungs. 

Autopsy . — Postmortem examination showed scant}', flat, reddish macules in 
the skin over the chest. In the lower lobe of the left lung were nodular areas 
of consolidation and fibrous adhesions. The right lung was pneumonic, there 
being numerous dense, dark red areas. The bronchial and superficial nodes were 
moderately enlarged. The spleen was greatly enlarged and firm, and showed 
numerous opaque, tumor-like nodules. The liver was large and irregularly con- 
gested, with a smooth, Avaxy surface. Histologically the spleen revealed numerous 
discrete and conglomerate pinpoint-sized to pea-sized focal areas of necrosis, Avith 
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hemorrhages over the whole surface. There was little cellular reaction of the 
type of Hodgkins’ granuloma, but rather typical myeloid giant cells. The lungs 
were congested, the alveoli were filled tvith pigmented cells, and around clusters 
of congested alveoli the septums showed a peculiar interstitial pneumonia, the 
cellular overgrowth being mainly of epithelial cells. The bone marrow in the 
lumbar vertebrae showed necrosis, with myeloid giant cells and a deposit of 
granulomatous tissue. Direct smears of the spleen showed a few acid-fast bacilli 
and cultivation on egg mediums yielded a scant, moist growth resembling that 
of the avian tubercle bacillus. 

Experimental Results . — Macerated spleen was inoculated into 4 chickens intra- 
venously (these were also fed splenic pulp), 1 rabbit intravenously, 1 rabbit sub- 
cutaneously, 2 normal guinea-pigs and 2 guinea-pigs that previously had been 
inoculated with heat-killed mammalian tubercle bacilli. One of the chickens, 
killed after 4 months, showed early tuberculous lesions in the liver, spleen and 
lymph nodes. Acid-fast granules were found in stained sections. A second 
chicken, killed and examined after 6 months, showed extensive tuberculosis of 
the liver and spleen. Acid-fast organisms were cultivated on egg medium, the 
growth being similar in appearance to that obtained from the spleen originally. 
No further mention is made of the remaining 2 chickens. The intravenously inoc- 
ulated rabbit died in 20 daj’s, with acute fibrinous pleuritis, small focal areas in the 
liver, consolidation of the caudal lobes of both lungs and a large node in the left 
groin. Cultures from the nodules in the liver on egg medium showed a moist 
growth of acid-fast bacilli with many cultural characteristics of the avian type. 
Macerated tissue from the nodes of this rabbit was inoculated intravenously into 
another rabbit, which died in 22 days with acute septicemia, foci in the liver and 
spleen and cheesy pleurisy. Cultures from the pleural exudate on hormone agar 
and broth were negative, while on egg medium they gave a moist growth of acid- 
fast bacilli. The second rabbit inoculated subcutaneously with the patient’s splenic 
tissue lived 6 months and at autopsy showed generalized tuberculosis. One of the 
“treated” guinea-pigs died 11 months after inoculation, with extensive tuberculosis 
of the lymph nodes, slight involvement of the lungs and a single focus in the liver. 
The other 3 were alive 372 days after inoculation. 

Comment. — Besides the cases mentioned, Lbwenstein referred to 1 case of 
polycythemia rubra and 4 cases of mj'clogenous leukemia from tbe lesions of 
which at autopsy avian tubercle bacilli were isolated. Gasul also quoted a per- 
sonal communication from Professor Erdheim of Vienna in which he stated that 
he had performed autopsies on 2 patients with avian tuberculosis. The bones were 
especially affected, showing necrosis and being filled with avian tubercle bacilli. 
Graham so reported finding an “aberrant” strain slightly pathogenic for fowls 
along with an organism of mammalian type in a case of cervical adenitis and in 17 
of 115 tuberculous sputums. 

Rabinowitsch-Kempner ^0 further quoted the typing of 1,861 cases of human 
tuberculosis by Mollers among which there were 3 with avian organisms. 

In his last paper Ldwenstein called attention to a report of the Egyptian Board 
of Health in which urogenital tuberculosis is referred to as the “true plague of 
Egypt.” The frequency of this form of tuberculosis was traced to tbe fact that 
the natives live in the same room wdth their poultry. Lowenstein also quoted a 
personal communication from Dr. Brown stating that urogenital tuberculosis is 
common in the Philippines, where the same custom exists. 

39. Graham, R. ; Illinois M. J. 50:210, 1926. 

40. Rabinowitsch-Kempner, L. : Am. Rev. Tuberc. 15:225 and 419, 1927. 
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RKPOUTED CASES OE PROEAELE AVIAN’ TUEERCLE BACILLUS 
INFECTION IN MAN 

These include all cases in which sufficient data are not supplied to 
enable one to be certain of the identity of the acid-fast organism. 

In tliis group slioulcl be nieiitioned, as pointed out bj' Ldwcnstcin (1928), the 
cases published by Landouzy -n in 1891. He described several cases in wliich there 
were noted malaise, enlarged spleen and remittent fever of the typhoid type, but 

Tahi.e 2. — Reported Iitfeelioiis tcith Ai’iaii Tubercle Bacillus in Man 
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in which neither typhoid fever nor tuberculosis could be proved. The patients who 
came to autopsj' did not show lesions of typhoid fever or gross evidence of tuber- 
culosis, except enlarged spleens containing grayish nodules in which, histologically, 
acid-fast bacilli were demonstrated. Three so-called cases of “tj'phobacillose — 
Landouzy” were reported by Neuman, Krokievicz, Reiche and Scholz.-*! 

41. Landouzy, Neuman, Krokievicz, Reiche and Scholz, quoted by Ldwenstein 
(footnote 15). 
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Pansini,^- in 1894, recovered from two guinea-pigs inoculated with tuberculous 
material from man acid-fast organisms that culturall}' resembled the avian tubercle 
bacillus. Nocard, 12 in 1898, inoculated tuberculous sputum into rabbits and guinea- 
pigs. The rabbits were killed rapidlj', while the guinea-pigs survived and at 
autopsy showed lesions that resembled those of avian tuberculosis. Reed,'ii in 
1902, reported a case with large areas of necrosis in the spleen, in which tubercle 
bacilli were found. 

In 1922, Lederer reported a case of “avian tuberculosis.” A woman, aged 
49, bad an enlarged liver and spleen. Her blood presented the picture of poly- 
cythemia. At autopsj" two surprises were encountered : an absence of the marked 
congestion of organs seen in polyc 3 hhemia and an absence of crythropoiesis of 
the marrow of the long bones. Tuberculosis of the lungs, spleen and kidneys 
was found. Histologically, many acid-fast bacilli were found in the lungs, kidneys, 
spleen and liver, but the histologic appearances were atypical. The lung showed 
caseous pneumonia, with preponderating pohnnorplionuclcar leukocytes, and no 
caseation. In the kidneys were abscess-like foci. The spleen showed necrosis, 
with no tubercle bacilli in these areas, but thej' were present in the surrounding 
tissue. Miliarj’^ tubereles occurred in the liver, and the bone marrow showed blood- 
forming foci, with fibrosis, but no tuberculous lesions. The author thought that 
it resembled tuberculous bacteriemia of a peculiar form, probably due to the 
avian type. 

In 1925, Krasso and Nothnagel^^ reported a case of “atypical (avian?) tuber- 
culosis in myeloid leukaemia.” A man, 45 3 'ears old, observed over a period of 
years, had myeloid leukemia and no evidence of tuberculosis. At autopsy 
numerous tubercles the size of hemp seeds were found in the lung, lymph nodes 
and spleen. The tubercles contained massive numbers of acid-fast organisms and 
histologically did not present the typical picture of tuberculosis in man. Cultures 
produced a moist growth, and the organisms were pathogenic for guinea-pigs and 
rabbits, but not for pigeons and chickens. After passage through an animal the 
colonies showed dr 3 ' growth. 

Although in cultural characteristics this organism resembled the 
avian bacillus, its pathogenicity for animals 3vould place it in the bovine 
group. The 3vork of Petroff show^ed that tubercle bacilli dissociate and 
form atypical “moth ball” colonies, and Dr. Aronson shotved me a 
culture which resembled the avian type, but which in pathogenicity fell 
into the bovine group.” Ldwenstein, ho-wever, apparently accepts this 
case as authentic. 

Two cases were reported from the Ma 3 '-o Clinic in 1926 (Ma 3 m and 
Hendricks 4"), but the diagnosis was made on surgical and pathologic evidence 
alone. In the first case, a woman, aged 26, had secondary anemia and an enlarged 
spleen. The differential blood count showed 4.5 per cent mononuclears, 4 per cent 
transitionals and 9 per cent eosinophils. On ph 3 "sical examination the chest 
appeared to be normal, and no acid-fast bacilli were found in the sputum. Gastric 

42. Pansini, S. : Deutsche med. Wchnschr. 20:694, 1894. 

43. Nocard: Congress pour I’etude de la tuberculose 4:661, 1898. 

44. Reed, D. M. : Bull. Johns Hopkins Hosp. 10:133, 1902. 

45. Lederer, K. : Wien. Arch. f. inn. Med. 5:23, 1922. 

46. Aronson: Personal communication to the author. 

47. ]Ma 3 ’o, C. H., and Hendricks, W. A.: South. M. J. 19:29, 1926. 
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."iiialysis sliowcd a total aciclitj’ of 20 and no free liydrocliloric acid. A splenectomy 
was performed, and the patient convalesced uneventfully. At operation the spleen 
was found to be large and nodular, and the liver was covered with yellow spots 
exactly as seen in chickens and turkeys with tuberculosis. 

In the second case, a woman, aged 22, complained of pain beneath the lower end 
of the sternum and a mass in the abdomen of three months’ duration. Examina- 
tion revealed a large, but not tender, spleen. The hemoglobin content was 72 per 
cent and later 61 per cent. A dilTercntial white blood cell count showed 2 per 
cent large mononuclears, 4 per cent transitionals and 1 per cent eosinophils. A 
splenectomy was performed. The spleen was 27 by IS by 7.5 cm., and the 
pathologist’s report was : “The external surface of the spleen presented numerous 
nodules varying from 1 mm. to 2 cm. in diameter. Tlicse nodules (conglomerate 
tubercles) bear a close resemblance to the cortical abscesses of acute purulent 
nephritis. On section the nodules or tubercles stand out in relief, giving the sur- 
face a ‘pebble dash’ effect. Foreign body giant cells arc present in some areas. A 
number of tubercles contain a waxj' substance instead of the caseous material 
that is often found in tubercles in cases of tuberculosis in man. In many tubercles 
there is no caseation ; the center is composed of large epithelioid cells in great 
numbers, which give a characteristic appearance to the avian lesion, in contrast 
to that of human and bovine tuberculosis. Lymphocytes arc relatively less 
numerous than in lesions in man.” 'J'hc patient left the hospital on the twentieth 
day after operation. 

Urback^s in 1929 reported two cases of sarcoid, the basis for the diagnosis 
being a stronger reaction with avian than with mammalian tuberculin. In the first 
case, a woman, aged 23, more than three years before examination was under 
treatment for infiltration of the cheek; the lesion was bluish red, with the his- 
tologic picture of Darier-Roussy sarcoid. On examination the left cheek was 
markedly atrophied. On the upper part of the riglit arm was a bluish-violet 
infiltration the si/.e of a five crown piece, adherent to the underlying tissues, hard 
and seemingly the size of a small apple. The results of clinical roentgen exami- 
nations were negative. The result of an intracutancous test with old tuberculin in 
a dilution of 1 : 50,000 was negative, but the same dilution of avian tuberculin gave 
a markedb' positive reaction. Six weeks after this there was a slight reaction to 
old tuberculin in a dilution of 1 : 10,000 and a stronger reaction to avian tuber- 
culin in the same dilution. The bluish-violet nodule in the skin had completely 
disappeared. 

The second case reported by Urbach was similar to the first, there being 
sarcoid-like tumors (histologicallj’^ considered) and a stronger reaction to avian 
tuberculin than to old tuberculin. The patient improved under treatment with 
avian tuberculin. 

The final case, one of typhoid-like sepsis due to an acid-fast bacillus not 
pathogenic for guinea-pigs, was reported by Dugge"^ in 1929. Pathologically the 
evidence favored a diagnosis of infection with avian tubercle bacillus. A man, 
aged 65, was admitted to the hospital in a state of stupor, with a history of eight 
days’ illness beginning with a high fever, stupor, pain in the extremities and neck 
and headache with occasional profuse diarrhea. On examination a stuporous, rest- 
less patient was seen, with cyanosis and incontinence of urine. There was some 
dyspnea; the lower part of the chest was somewhat dull to percussion, and in this 
area moist rales and bronchovesicular breathing were present. The heart was 
rapid and irregular, with a basal systolic murmur. The pulse was small; the 
abdomen was distended and diffusely tender. No splenic or hepatic enlargement 
was demonstrated until three days later when the spleen was definitely palpable. 



268 


ARCHIVES OF PATHOLOGY 


The specilic gravity of the urine was 1.023, and there was a trace of albumin. 
The sediment contained hyaline casts and some red blood cells. The temperature 
remained high. The leukocyte count was 8,360. No typhoid bacilli were found 
in tbe stool, urine or blood, and the result of the Widal test was negative. The 
patient died in a few days with a diagnosis of typhoid fever. 

At autops}", the observations positive for infection with tubercle bacilli were : 
The spleen weighed 260 Gm. ; it was firm and dark red, with prominent follicles 
and white spots the size of a cherry on the cut surface and under the capsule. 
The coronary arteries showed hardened walls. The lungs were dark red and 
anthracotic, with patches of consolidation. In the lower right pulmonary artery 
were friable red clots. The 13 'mph nodes at the hilus were each the size of a hazel- 
nut, firm and dark gra 3 dsh red. Each of the mesenteric nodes was the size of a 
plum, firm and of an even yellow consistenc 3 -. The liver presented subcapsular 
needlepoint-sized white stipplings, also seen in cut surface. 

On microscopic examination, the foci in the mesenteric and bronchial nodes, 
the spleen and the liver showed much the same histology and contained numerous 
acid-fast bacilli. The size of the foci ranged from that of 1 to that of 5 13 'mph 
follicles, the larger being formed from the confluence of the smaller ones. The 
center was composed of a few small fibrinous strands and cellular detritus, while 
the peripher 3 ' showed cells with large, oval, vesicular nuclei and the fine reticulum 
of the node. Cultures from the spleen and the liver yielded a rapidl 3 '’ growing, 
acid-fast organism, not pathogenic for guinea-pigs and mice. 

Rulison reported two cases with cutaneous lesions (Hodgkin’s disease and 
lupus erythematosus) in which the reaction to avian tuberculin was more marked 
than that to mammalian tuberculin. 

OTHER UNUSUAL GRANULOMAS POSSIBLY DUE TO INFECTION 
WITH THE AVIAN TUBERCLE BACILLUS 

So-Called Bocck’s Sarcoid . — In 1899, Boeck •'o reported one case and in 1900 
three cases of a peculiar nodular condition of the skin, particularh" of the face, the 
etiolog 3 ' of which was obscure. Since then man 3 ' cases have been reported, the 
etiology being still obscure, with opinions leaning to S 3 'philis, to an unusual form 
of tuberculosis or to a combination of both. Urbach reported two cases of 
sarcoid in which the patients reacted more strongl 3 ’^ to avian tuberculin. 

Briefl 3 % the lesions consist of chronic small or large subcutaneous nodules, 
var 3 dng in number from one to hundreds, situated usuall 3 ’ in the face, but also on 
the e.xtremities and trunk. The nodules require months or years for full develop- 
ment, and are bluish red or brownish red, the color at the peripher 3 ' fading later 
to a yellowish brown. They may involute and leave pigmented, atrophic scars. 
One may recall that this’ description is not unlike that quoted 63 ^ Lipschutz of a 
condition due to infection of the skin with avian tubercle bacillus, e.xcept that 
ulceration does not usually occur and acid-fast bacilli are not demonstrable, cer- 
tainly not in the large numbers reported b 3 ’^ Lipschutz. The lesions are made up 
of isolated small tubercles composed of mononuclear cells and separated by fibrous 
tissue. Caseation does not occur. Recent^' a case of this description was reported 
(Bernstein, Konzelmann and Sidlick with visceral lesions in the epicardium, in 

48. Rulison, R. H. : Arch. Dermat. & S 3 'ph. 21:901, 1930. 

49. Boeck, C. : J. Cutan.. & Genito-Urin. Dis. 17:543, 1899. 

50. Bernstein, M. ; Konzelmann, F. W., and Sidlick, D. M. : Arch. Int. Med. 
44 : 721 , 1929 . 
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tlie wall of tlic intestine and aroinid the bronchi. Tissue excised in a case of 
Bocck's sarcoid at the Peter Bent Brigham Hosj)ital, recently studied by the author 
with Drs. Wolbach and Schulz, failed to produce lesions in guinea-pigs, rabbits, 
mice, monkeys and fowls. 

Other Obscure Grainilonias . — Wolbach •"’J described cases in which similar 
granulomas occurred in the spleen, lymph nodes, liver and lungs, characterizeel by 
the presence of large, star-shaped inclusion bodies in the cytoplasm of the giant 
cells. No definite opinion can at pre.sent be given on the etiologic factor involved 
here. 

^ni;TlIOD OF IXFFCTJON IX MAX 

All observers agree that, excluding the localized lesions of the skin, 
the mode of entrt' is hy food, and the question of importance concerns the 
source of the infection. Infection would most likely occur through the 
eating of infected organs of fowls or of infected eggs. Since in countries 
where human infection with avian tubercle bacilli has been reported, 
fowls are cooked, and no evidence is at hand to support infection from 
this source, one must focus attention on the occurrence of infected eggs, 
which are often eaten after insufficient heating to kill all the tubercle 
bacilli that may he contained in them. Lowenstein demonstrated 
tubercle bacilli in eggs removed from the cloacas of tuberculous hens 
and showed that eggs artificially infected with avian tubercle bacilli 
and boiled for only a few minutes still harbor living bacilli. Raebiger 
succeeded in demonstrating tubercle bacilli in eggs as early as the 
eleventh day after artificial infection of healthy hens with avian tubercle 
bacilli. 

Recent work by Fitch and Lubbehusen indicates that probably 
less than 1 per cent of tuberculous hens lay infected eggs. They divided 
their tuberculous hens for study into three groups: (1) those that did 
not lay eggs, (2) those that laid eggs \vhich failed to hatch out and 
(3) those that laid eggs which jiroduced chickens. These chicks appar- 
ently are not usually infected, though Rabinowitsch succeeded in hatch- 
ing out tuberculous young from infected eggs. 

SPECIFICITY OF AVIAN TUBERCULIN 

On the question of the specificity of avian tuberculin, all shades of 
opinion may be encountered, from that of Crawford and others, Mdio 
present evidence of marked specificity, to that of Van Es and others, 
who think it is a question rather of the strain of bacilli used and of 
the method of preparation and standardization than of a specific reac- 
tion of avian or of mammalian tuberculin. Crawford inoculated one 
group of guinea-pigs with mammalian, ’ and one with avian, tubercle 
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l^acilli and then subjected them to cross-tests (cutaneous and lethal 
intraperitoneal reactions) and found marked specificity. Schalk also 
found that in cattle pastured with droppings from tuberculous chickens 
there developed a transitory sensitivity only to avian tuberculin. Ldwen- 
stein in cases in man found that reactions occurred with much higher 
dilutions of avian than of human tuberculin. Gasul performed a Pir- 
quet test on 110 tuberculous childi'en who gave positive reactions to 
human and bovine tuberculin and found that they did not react to avian 
tuberculin. Plum noticed some specificity in the cattle infected with 
avian tubercle bacilli. On the other hand, Van Es found that of the 
cattle into which he had injected avian tubercle bacilli about half reacted 
to mammalian tuberculin. Dr. Spies had some success in producing an 
avian tuberculin which reacted in guinea-pigs infected with avian bacilli 
in higher dilutions than the ordinary mammalian tuberculin. 

It appears to me that the only way to settle this point is to isolate 
from various strains of tubercle bacilli or their filtrates a substance 
reacting specifically on the skin. In my experience, it is difficult con- 
stantly to sensitize guinea-pigs with avian tubercle bacilli. When they 
give positive reactions the reaction to avian tuberculin is somewhat 
stronger. On the other hand, it is simple to sensitize guinea-pigs with 
human bacilli, and they react somewhat more strongly to mammalian 
tuberculin. In all probability there are present in tuberculin at least 
two substances reactive on the skin, one specific and one nonspecific, 
and the proportions of these in a given tuberculin decide its specificity. 
My own experiences with cases in man are too meager at present to be 
impressive, yet I have seen a case (sarcoid) in which the patient 
reacted as strongly to avian tuberculin as to human, while the majority 
of the patients who react to human old tuberculin give less reaction with 
avian tuberculin. It is a point on which more data are needed, and the 
experiences of the authors quoted suggest it as a fertile field for 
investigation. 

etioloCtY of Hodgkin’s disease 

Etiologically, Hodgkin’s disease has been considered (Stewart and 
Dobson®®) as: (1) an atypical form of tuberculosis, (2) a specific 
infection with a diphtheroid bacillus, (3) a granuloma of unknown 
etiology, (4) a neoplasm and (5) an initial granuloma which may 
become neoplastic (Yamasaki®®). In general it may be said that no 
one of these possibilities is universally accepted. It is therefore with 
aroused interest that one reads the report of L’Esperance, who attacked 
the problem from the point of view of the lesion being an atypical form 
of tuberculosis due to the avian bacillus. Her experiments are reported 

55. Stewart, M. J., and Dobson, J. F. : Brit. J. Exper. Path. 5:65, 1924. 
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here in some detail. Operative material from 2 fresh cases of histo- 
logically characteristic liodgkin’s disease (one from the New York 
Hospital and the other from the Memorial Hospital, New York) was 
used. The tissue was macerated in sterile saline solution and within 
a few hours inoculated intravenously into chickens. The birds, as 
well as 2 controls, were kept in open air cages in the country. Material 
from the first case was injected into 2 normal, healthy white Plymouth 
Rock pullets. One was killed after 5 months, and at autopsy small 
white foci were found in the liver and spleen which histologically showed 
peculiar hyalinizcd necrosis surrounded by large polyhedral cells, giant 
cells of the myeloid type, many eosinophils and occasional plasma cells. 
Acid-fast organisms were found in direct smears. The other pullet 
died after 11 months with similar lesions in the liver and spleen and 
also involvement of lymphoid nodules in the mesentery and cervical 
regions. Acid-fast organisms were found in smears and cultures, and 
on egg medium in 8 days these developed a fine, moist, scant growth of 
acid-fast organisms and blastomycelcs. 

Material from the second case was inoculated into 3 white Ply- 
mouth Rock pullets. One died in 7 weeks with congenital anomaly of 
the heart. The liver and spleen showed foci similar to those in the first 
cases. Material was reinoculatcd from this hen into 2 other chicks, 
one of which died in 1 1 months, showing a mass in the rectal fold and 
an involvement of the abdominal lymph nodes. Acid-fast bacilli were 
found. Of the other 2 original birds, one died in 7 months, with many 
small, opaque areas in the liver, and in the dura mater a nodule that 
histologically was a granuloma, with little necrosis and many myeloid 
giant cells. The other was killed in 12 months and showed like foci 
in the liver. L’Esperance concluded her article with the conservative 
statement that if one can rule out a spontaneous infection of the birds, 
it would seem either that material from the lesions of Plodgkin’s dis- 
ease produces a lesion in chickens like tuberculosis or that avian tubercle 
bacilli are associated with Hodgkin’s disease. 

More recently, a year after her first papers, L’Esperance reported 
2 more cases, 1 of Hodgkin’s and 1 of Pel-Epstein’s disease (abstracted 
in foregoing paragraphs) from which avian tubercle bacilli were recov- 
ered by inoculation of material into animals. Both of these cases came 
to autops 3 ^ 

111 the first case a child, a month following a routine tonsillectomy, began to 
have a low fever, the temperature ranging to 102 F., accompanied with progressive 
loss of weight, vomiting and epistaxis. The cervical lymph nodes increased in size 
for four months ; then a node was removed in St. Mary’s Hospital, and a his- 
tologic diagnosis of Hodgkin’s disease was made. A month later the child was 
admitted to the New York Hospital with a rasping cough and two large swellings 
in the neck, an enlarged palpable spleen and roentgen evidence of enlarged 
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mediastinal nodes. There were moderate anemia and leukopenia. At biopsy a 
diagnosis of Hodgkin’s disease was again made. The child died eight montlis after 
the onset of the symptoms. 

At autopsi"- 800 cc. of clear fluid was present in the pericardium and a small 
amount in the pleura, with recent adhesions. Lying in front of the great blood 
vessels of the neck there was a mass of lymph nodes, the nodes varj’ing from 
5 mm, to 3 cm. in diameter. These were traced down on both sides of the aorta 
to the hilus of the lung, where they projected on the right side into the lung 
substance and on the left continued downward behind and above the pancreas. 
The nodes were firm, and the cut surface presented a smooth light brown appear- 
ance. The spleen weighed 300 Gm. The surface was slightly irregular, owing to 
numerous small, greenish nodules. The lungs showed diffuse peribronchial thick- 
enings, with one irregular, firm, ill-defined, grayish-red area in the right apex. 
There were from ten to twelve large lymph nodes on each side of the neck, 
with an appearance, on section, similar to that of the mediastinal nodes. 

Microscopic examination revealed the histologic picture of typical Hodgkin’s 
disease. Material from the nodes was inoculated into 2 chickens subcutaneously, 
into 1 rabbit, and into 2 guinea-pigs that had previously been treated with 
heat-killed tubercle bacilli. One of the chickens was killed after months 
and showed earl)'’ avian tuberculosis ; cultures on egg medium yielded a 
scant, moist growth of acid-fast bacilli. Material from the lesion in the liver 
reinoculated into chickens produced tuberculosis, which was again carried to a 
third series of chickens. No mention is made of the second of the originally 
inoculated chickens. The rabbit inoculated subcutaneously was alive 9 months 
after the inoculation. Of the 2 inoculated guinea-pigs previously treated by 
injection of heat-killed mammalian bacilli, 1 died in 50 days with atypical tuber- 
culosis of all the lymph nodes, and cultures on egg medium yielded a moist, 
pinkish growth of nonacid- fast tiny granules. This culture inoculated into a 
second “treated” guinea-pig produced extensive tuberculosis of the liver, spleen 
and lymph nodes. The second originally inoculated “treated” guinea-pig survived 
146 days, and at autopsy showed massive generalized tuberculosis. In cultures 
on egg medium a pure growth of acid-fast bacilli developed with many of the 
cultural features of avian tubercle bacillus. 

It is to be regretted in this instance that no record is given of the 
second of the originally inoculated chickens, that no original inoculation 
was made in untreated guinea-pigs, and that all the characteristics of 
the cultures obtained are not stated, i.e., formation of tuberculin, ability 
to sensitize infected animals to tuberculin, growth on fluid mediums, 
acid curve and pathogenicity for guinea-pigs, rabbits and chickens. 

One must await repetition of the work before a final judgment can 
be made, and this is sure to follow shortly on account of the novel 
method of attack offered in approaching this problem. L’Esperance 
herself raised the criticism hardest to circumvent, namely, the impos- 
sibility, in some cases, of diagnosing tuberculosis in birds, even by the 
tuberculin skin test, which she neglected to do. One would like to 
know whether the 2 controls in which lesions developed were in the 
same cage with the others or whether all the birds were in separate 
cages, or even whether the 2 different experimental birds were in the 
same cages. In open cages there is also the i^ossibility of infection 
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by sparrows or pigeons, whereas Schalk reported persistence of avian 
tubercle bacilli in soil for 2 years. If one could cultivate acid-fast 
organisms directly from J-lodgkin’s nodes, and these bad all the char- 
acteristics of the bacillus outlined in foregoing paragraphs, one would 
feel convinced of their ])rcscnce in the lesions and await only the pro- 
duction of typical Hodgkin’s disease in monkeys with such a culture to 
complete the cycle. To date no account has appeared confirming these 
observations. \'’an Es had negative results in 3 cases of Hodgkin’s dis- 
ease; Dr. Aronson of the Henry Phipps Institute in 2 cases failed to 
isolate the bacilli either by cultivation or by inoculation of chickens. 
Dr. Schulz ''' inoculated 2 chickens intravenously with a macerated 
lymph node from a patient at the Children’s Hospital, Boston. (His- 
toloffic examination showed that the node was not one characteristic 
of Hodgkin's disease.) One died in 3 months as the result of an 
obstructed bowel and showed firm, discrete foci in the spleen and very 
small ones in the liver. Cultures of this organism corresponded to 
those of the avian type, and intravenous inoculation of a rabbit produced 
typical tuberculosis in joints, kidneys and lungs. If one excludes this 
as a spontaneous infection, one ma}’- equally well agree that avian 
tubercle bacilli may occur in the cervical nodes of a child. A second 
firm node from a case of typical Hodgkin’s disease similarly inoculated 
intravenousl}’’ into 2 chickens did not produce tuberculous lesions. In 
this laboratory my associates and I are studying 3 other cases of typical 
Hodgkin’s disease in which the patients do not react to avian tuberculin. 
Cultures on egg medium have shown no growth, and chickens inoculated 
and dead within 3 months show no tuberculosis. It appears in conclu- 
sion the L’Esperance’s work has ojiened up an interesting field of investi- 
gation along the lines of the etiology of Hodgkin’s disease. One would 
also like to see all unusual cases of tuberculosis studied more carefully 
in order to detect whether infection with avian tubercle bacilli in man 
in cases other than Hodgkin’s disease is prevalent in America. If so, 
it would necessitate the addition,of poultry to the list of inspected meats, 
since the possibility of infection by eating infected eggs has arisen. 

The question has also been raised by Van Es, in view of the large 
number of swine and cows infected with this organism, whether in 
the attempts at eradication of tuberculosis a very prevalent source of 
one form of the tubercle bacillus is being neglected, namely, that in the 
ordinary barnyard fowl, as the possibility of a transmutation of types is 
receiving great attention at present. 

The difficulties involved in making a diagnosis of infection with 
avian tubercle bacillus are well illustrated in a case studied by no less 
an authority than Lydia Rabinowitsch (L. Rabinowitsch-Kempner), 
reported in detail by Dr. Grunke. 


57. Schulz, R. Z. : Personal communication to the author. 
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A miller, aged 55, had feverish exanthems and swellings of the limbs resembling 
er 3 'sipelas, with solid infiltrations felt under the skin and new infiltrations forming 
as existing ones receded. There was no clinical evidence of pulmonary tuber- 
culosis, but there was a positive reaction to tuberculin. Seven months later dry 
pleurisy developed and death occurred in one month. At autopsy there were a 
single tuberculous focus in the lung, a’ discrete tuberculous ulcer at the ileocecal 
valve and a calcified hilar lymph node. There were an exudative pleurisj" and a 
disease of skin and muscle (tuberculous dermatomj’ositis), especialh' of the upper 
extremities. Large stretches of skin showed reddening and brown pigmentation 
of the epidermis and subcutaneous edema. Microscopicallj", there was large caseous 
tuberculous infiltration around veins and lymphatics. Cultures from the focus in 
the lung and from the intestinal ulcer, on inoculation into an animal, proved to be 
typical bovine bacilli. That from the skin, on inoculation into an animal, resembled 
avian tubercle bacilli, yet Rabinowitsch’s conclusion after a two year study of the 
organism is that in all likelihood it is an atj'pical bovine organism that during 
growth in this particular focus took on the character of the avian bacillus. 


ItESUME 

The avian tubercle bacillus is known to infect certain mammals, 
notabl}'’ swine and more rarely cattle. Rabbits, rats and mice may be 
infected experimentally. There are also in the literature reports of 
a few cases of infection in man. Cases of tuberculosis of the 
skin and kidneys, as well as of tuberculosis of septicemic type, due 
to this organism are on record. Certain authors have reported as also 
due to this organism certain dyscrasias of the blood (polycythemia rubra 
and myeloid leukemias) . L’Esperance recently raised the interesting point 
of the possible association of this organism with Hodgkin’s disease. 
One anxiously awaits further detailed studies of her organism, repro- 
duction of the disease with it in monkeys, a larger series of cases and 
confirmation of her work by other observers. One would like to stress 
again the precautions that Van Es requires to be taken to minimize the 
chance of encountering spontaneous tuberculosis in chickens (precau- 
tions that are being followed in this laboratory) ; (1) use of chickens of 
an age at which the incidence of spontaneous tuberculosis is relatively 
small — that is, 4 months; (2) selection of birds in which the disease 
can be excluded; (3) housing of birds off the soil during observation, 
and (4) a negative reaction to a known potent avian tuberculin in 50 
per cent dilution, when a drop of it has been injected intracutaneously 
into the wattle and the result read in forty-eight and seventy-two hours. 
A positive reaction consists of a marked swelling of the area. 

Should L'Esperance’s observations be confirmed, it would open up 
the possibility of treatment of patients with this known fatal disease 
by the injection of a vaccine or of an extract of avian tubercle bacilli, 
and it would rank as one of the oustanding medical contributions of 
the period. 

Finall}', it may be said that the avian tubercle bacillus rarely infects 
man, and that the etiologic role of this organism in Hodgkin’s disease 
cannot be accepted as proved. 



News and Notes 


International Congress of Comparative Pathology. — The Second Inter- 
national Congress of Comparative Pathology will be held in Paris from October 14 
to 18, 1931. 

Division of Medical Sciences of National Research Council Elects 
Officers. — The officers of tlie division of medical sciences of the National Research 
Council for 1931-1932 arc: chairman, William H. Howell; vice chairman, 
S. Bayne-Jones; c.xccutive commiflec. E. V. Cowdry, S. Bayne-Jones, E. 
Kcnnerly Marshall. 



Obituary 


ALDRED SCOTT WARTHIN, lAI.D. 

1866-1931 

the age of 64 and at a time when his joy in creative writing was 
still in the ascendency, death came to Aldred Scott Warthin. for thirty- 
nine years a teacher in the medical school of the University of Michigan 
and for twenty-eight years professor of pathology and director of the 
pathological laboratories in that school. Giving freely of his time in 
attendance at the meetings of the A^arious societies concerned Avith his 
special fields of interest, and ahA^ays taking an actiA'e part in discussions, 
he was Avell knoAvn to most of the internists as Avell as to the pathologists 
of tAvo generations. 

Dr. Warthin had an interesting and appealing personality Avhich Avon 
for him friends Avherever he Avent, notAvithstanding a certain degree of 
reserve. His Avide interests in the fields of music, biologic science, gar- 
dening, book collecting and medical history enlarged the circle of his 
acquaintances; and the close contact that he maintained Avith the 
clinical aspects of medicine led him into an active part in various organi- 
zations not strictly pathologic. Unusually gifted in public address, he 
AA^as ever generous to the extreme in accepting invitations to speak, and 
his untiring energy and d}’namic and compelling personality Avill be 
greatly missed. 

Aldred Scott Warthin AA’-as born at Greensburg, Ind., on Oct. 21, 
1866, the son of EdAA'^ard Mason Warthin and Eliza Margaret (Weist) 
Warthin. His early inclination was tOAvard music, and in 1887 he 
receiA'ed a teacher’s diploma in music at the Cincinnati Conservatory. 
During the same period he attended Indiana Universit}^ from Avhich he 
obtained the A.B. degree in 1888. At the University of Michigan he 
earned the A.M. degree in 1890, M.D. in 1891 and Ph.D. in 1893. In 
1900, he was married to Katherine Angell, and to them four children 
Avere born. From 1891 to 1895, Dr. Warthin served under Dr. George 
Dock, first as assistant, and later as demonstrator, in internal medicine 
at the University of Michigan. During this period he spent the summer 
months of each year in stud}'^ abroad, giving attention particularly to 
patholog 3 ^ He was made demonstrator of pathology in 1896; instructor 
in 1897; assistant professor in 1899; junior i^rofessor in 1902, and 
professor and director of the pathological laboratories in 1903, holding 
this rank until his death on May 23, 1931. 
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Dr. W’arthin held mcnil)er.ship in mimerous .societies in the fields of 
medical biology, internal medicine and pathology, and by many of these 
organizations he was elected president. Thus he was president of the 
.American Association of Pathologists and Bacteriologists in 1908. of 
the International .Association of Medical Museums from 1910 to 1913, 
of the .American Society for Experimental Pathology in 1924. of the 
.American .Association for Cancer Re.search in 1928, of the Association 
of .American Physicians in the .same year and of the American Associa- 
tion of the Mistory of Medicine in 1930-1931. He was a master of the 
.American College of Physicians and had been its first vice-president 
since 1925. 

The hundreds of titles in the list of published works by Dr. Warthin 
bespeak at the same time his extraordinary energ}- and industry, and the 
great breadth of his intere.sts. Only the more important can be men- 
tioned here. During the period in which he was demonstrator in inter- 
nal medicine, he described in one of his earliest papers the accentuation 
of the pulmonary second sound in pericarditis and assigned diagnostic 
significance to it. 7'his has since been known as “W'arthin’s sign.’’ 
Tuberculosis of the placenta, the histology and pathology of the hemo- 
lymph nodes, the genetic relationship of the leukemias. Hodgkin's dis- 
ease and lymphosarcoma, the jjathology of irradiation, traumatic 
lipemia, the lesions produced by dichlorethylsulphide (mustard gas) 
and the constitutional aspects of hyperthyroidism are but a few of the 
subjects to which he made important contributions. He was best known, 
however, for his work on the j^athology of syphilis. Concerned orig- 
inally with the lesions of congenital syphilis. Dr. Warthin early recognized 
the essential unity of the pathology of syphilis as found in various 
organs and in various stages of the disease. In a series of about forty 
papers he established a new conception of the pathology of late and of 
latent syphilis, particularly as it involves the heart, aorta, pancreas, 
adrenals and testes. Making use of new methods of staining developed 
in his own lahoratoiy, he was able to sup])ort his conception of these 
disease processes by the demonstration of the causal organism in lesions 
in which it had never been seen before. 

Dr. Warthin’s translations and revisions of the tenth and eleventh 
editions of Ziegler’s “General Pathology” and his own “Practical Pathol- 
ogy” and “Autopsy Protocols” have provided useful aids to a long 
sequence of medical students. He was even more successful in later 
years as he allowed himself to break away from the concretely practical 
and to enter the field of the cultural and philosophic aspects of medicine. 
His early essay on “An American Medical Student” (1903) and manv 
editorials in the Annals of Clinical Medicine, of which he had been 
editor since 1924, have given evidence of his unusual skill in this 
respect. More recently the three books, “Old Age” (1929). “The 
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Creed of a Biologist” (1930), and “The Physician of the Dance of 
Death” (1931) have been the product of this reflective outlook on the 
problems of human life. 

As a pathologist, Aldred Scott Warthin was characterized by his 
adherence to the morphologic approach to the problems of disease, by 
his ability to recognize the significance of detailed observations and by 
a far-seeing aiipreciation of the correlation between structural changes 
and clinical behavior ; as a man, by his untiring energy, broad culture 
and unswerving loyalty to his friends, to his chosen interests and to the 
guiding principles of his life. 


C.ARL V. Weller. 



Abstracts from Current Literature 


Experimental Pathology and Pathologic Physiology 

Changes in Sugar and Lactic Acid Content of Blood Caused by Burns. 

At. A. Slocum and H. D. Ligiitbodv, Am. J. Phi'siol. 96:35, 1931. 

The concentration of sugar and lactic acid in the blood of rabbits after super- 
ficial burns was studied both in otherwise intact animals and in animals that had 
been adrenalectomizcd. In both there was an increase in blood sugar and in lactic 
acid, but the increase in the latter was small and insufficient to account for the 
high value of the sugar. In the animals ivith intact adrenal glands, the heightened 
level of the sugar was maintained after twenty-four hours, but lactic acid was 
reduced below its initial value. Apparently the increased activity of the adrenal 
glands does not account for the increase in blood sugar through the intermediary 
of lactic acid, nor for that by decrease in the oxidation rate. 

H. E. Eggers. 


The Innervation of the Renal ParexVchyma. J. Kaufmann and R. Gott- 
lieb, Am. J. Physiol. 96:40, 1931. 

A study of the nerve fibers in the renal cortex by means of intravital methylene 
blue staining and by Bielschowskj’’s impregnation method showed tubular innerva- 
tion which seemed to originate in the nerve fibers that accompany the arteries to 
the tubules. These nonmedullated fibers were found both in the cortex and in 
the medulla. On the membrana propria they form plexuses, from which come 
off fine varicose branches which in part end on the membrana propria and in 
part penetrate the tubules to end between the epithelial cells. Three t 3 'pes of 
nerve endings were seen; nodular, brushlike and arborized. Not all of the tubules 
observed showed the presence of nerve filaments, which the writers believe is due 
to deficiency in method rather than to actual absence. The findings are generally 
applicable to mammalian kidneys. tt ^ Frn'Rs 


Studies on Diabetes Insipidus. H. Bourquin, Am. J. Phj^siol. 96:66, 1931. 

The effects of injur}'^ to the hypothalamus and hypophysis were observed in 
dogs. In none was there development of dystrophy or of adiposity, and in all 
in which diabetes insipidus appeared, the injurj' involved the caudal portion of the 
hypothalamus. However, no relation was evident between the site of the lesion 
and the course of the diabetes. In two experiments the infundibulum was separated 
from the brain stem, and the tuber cinereum was destroyed, and in one the entire 
hypothalamus was destroyed, with the exception of the caudal tips of the mamillary 
bodies. In none of these did diabetes insipidus develop, indicating that the disease 
is not a phenomenon of deficiency. In twentj^-six experiments on dogs and in an 
equal number on rabbits, complete destruction of the hypothalamus and hypophysis 
did not cause diabetes insipidus ; but in twelve of fourteen experiments on dogs, 
and in twelve of eighteen on rabbits, in which in addition to destruction of the 
hypophysis and tuber cinereum there was injury to the mammillary bodies, diabetes 
occurred. Not only is diabetes insipidus not a disease caused by a deficiencj^ 
but the mammillary bodies or near-bj' centers are concerned in its causation, and 
the polyuria would appear to be caused by a diuretic substance or by irritation 
of hypothetical centers of control of salt and water metabolism. 


H. E. Eggers. 
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I'rKTin-K STi-niKs on tiii; I^asm. Mktaiioi.jsm ok Mava Indians in Yucatan. 

G. C- SuATTUCK nml In G. Pii-NicnicT, Am. J. Pliysiol. 96:518, 19.31. 

Tlii.s is n ro|>ort on a conlinnation of sliidic.s of Ilie basal metabolism of Maya 
Indians, whicli were Iieiiim in 1927. In both series results were obtained that 
.showed in these Indians a high melaholic rate associated witli a low pulse rate 
and a low blood I'ressiirc. In a few eases persems were again observed who had 
been subjects in the first series, and in the.se the .second determination gave a 
somewhat lower rate. It is possible that an emotional element contributes to the 
high rate of these Indians, although their phlegmatic temperament makes this less 
probable. A third series of determinations is iiromised. „ 


HkKKCT.S ok POSTKItlOK PlTUITAKY b'XTIf ACTS ON BaSAI. kfliTAnOI.IS.M. H. E. 

Hi.mwicii and F. W. Haynks, .-Xm. J. Physiol. 96:6-10, 1931. 

.•\ study was made of the metabolic rate in rats after tlic injection of pituitary, 
pitressin and pitocin. With the first, there was a decrease of metabolic rate, 
due to the pitressin and in. spite of the pitocin, with which alone a slight but 
definite increase occurs. 'J'he oiiiiosing actions in this rcs])cct of pitressin and 
jiitocin iircsumahly account for inconsistencies in previous work along this line. 

H. E. Eggeus. 

COMI’AKATlYi; To.YICITV OK TIIH Bl.OOI) .AkTKK .AliTKIi IOTO.M V, .-XSPIIY.XIATION 

AND Injukiks to Till; Bkain. D. 1. Maciit, .Am. J. Physiol. 96:662, 1931. 

Invc.stigatcd by its ctTect on plant seedlings, blood from asphy-xiated and 
decerebrated animals of various species was found to be more to.xic than fresh 
arterial blood from the same species. This ditTercncc could not be attributed to 
the anesthetic used nor to a difference in o.xygenation, but must be regarded as due 
to the pre.scnce in the hlood of to.xic substances. ^ Eggers 


The Detoxicating Function ok the Liver with Skeciai. Rekerence to 
•Strychnine. J. T. Pkiesti.ev, J. Markowitz and F. C. Mann, Am. J. 

. Physiol. 96:696, 1931. 

Of the six methods that have been used in studying the detoxicating function 
of the liver, that in which dehepatized animals and that in which perfusion of the 
organ arc utilized seem to yield the most accurate results. With the use of these 
methods in dogs the liver was found to have a highly specialized aliility to retain 
rapidly and later to destroy strychnine. g Fggers 


The Role or the Liver in the For.mation of Lymph. C. Markowitz 
and F. C. Mann, Am. J. Phj'siol. 96:709, 1931. 

In dogs, a study was made of the flow of lymph through the thoracic duct 
before and after ligation of the periportal lymphatics. No differences were detected. 
Investigation of the action of peptone as a lymiphagogue in these circumstances in 
etherized animals likewise revealed no differences, nor did removal of the liver 
produce any diminution -of lymph flow, and the usual lymphagogic effect was 
observed after the intravenous injection of peptone into a dehepatized dog. 

H. E. Eggers. 

Pellagra Secondary to Benign and Carcinomatous Lesions and to 
Dysfunction of the Gastro-Intestinai. Tract. George B. Eusterman 
and Paul A. O’Leary, Arch. Int. Med. 47:633, 1931. 

Pellagra developed in eight patients with obstructing benign lesions or dysfunc- 
tion (late, after operation) of the upper part of the digestive tract, in two with 
obstructing carcinomatous lesions, in one with gastric syphilis and in two with 
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lesions of the colon (in one carcinomatous; in the other, inflaminator}-)- These 
cases of secondary pellagra tend to support the theorj" that dietetic deficiency is 
the cause of the disease. In the cases reported, the clinical manifestations of the 
disease were not as marked as those of active, endemic pellagra. Treatment 
may be ineffectual in cases with mechanical obstruction, or in those with marked 
impairment of motility, of the upper part of the digestive tract, until the mechanical 
condition is corrected. Surgical intervention is attended by high mortality. 
Reports covering the essential clinical features of these cases are submitted. 

Authors’ Summary. 

Hyperinsuuxism i'Rom Adenoma of Pancreas. A. D. Carr, R. 

Parker, E. Gro\’e and A. O. Fisher, J. A. M. A. 96:1363, 1931. 

A youth of 19 suffered increasing!}' from attacks that were similar to the 
syndrome resulting from an overdose of insulin. They were relieved by the 
ingestion or administration of dextrose. The increasing severity of the attacks 
justified exploration and caused the patient and his parents to accept surgical 
measures. A localized tumor of the pancreas was found and removed. It showed 
chiefly B-cells. The postoperative recovery was prompt and uneventful, and 
the clinical cure was complete and was confirmed by studies of the blood sugar. 

Authors’ Summary. 


Compensatory Hypertrophy of the Spleen. E. M. MacICvy and W. S. 
PoLLAND, J. Exper. Med. 53:317, 1931. 


In young adult rats the removal of half of the spleen is followed by a com- 
pensatory enlargement of the remaining portion of about 50 per cent, while in 
mature rabbits no such compensatory hypertrophy follows. It is uncertain whether 
this difference is due to a difference in the function of the spleen in the two 
species or to the fact that the rats were infected with Bartonella inuris, while 


the rabbits were not. 


Authors’ Summary. 


The Induction of Lyjiphocytosis and Lymphatic Hyperplasia by Means 
OF Protein. B. K. Wiseman, J. Exper. Med. 53:499, 1931. 

Repeated parenteral injections of protein by various routes in a series of twelve 
rabbits caused an increase of lymphocytes in the peripheral blood varying from 
23 per cent to 139 per cent. It seems probable that the degree of response is 
conditioned by the type of protein used. At autopsy the lymph nodes and the 
spleen showed hyperplastic changes. The thymus did not participate in the 
hyperplasia. Author’s Summary. 


Experimental Acute Glomerulitis. F. D. W. Lukens and W. T. Longcope, 
J. Exper. Med. 53:511, 1931. 

Both focal and diffuse glomerulitis have been produced in rabbits by the injec- 
tion directly into the left renal artery of suspensions of heat-killed hemolytic 
streptococci. Similar lesions in the glomeruli could not be obtained in normal 
rabbits by the injection of suspensions of bismuth oxychloride into the left renal 
artery. The acute glomerulitis occurred in only about one half of the rabbits 
employed for the experiments. Glomerulitis was observed much more frequently 
in rabbits in which an acute localized streptococcal infection had been produced 
b}' the intracutaneous injection of living hemolytic streptococci, than in normal 
rabbits. The ocurrence of acute glomerulitis was usually associated with a well 
marked intradermal reaction to the filtrates of hemolytic streptococci. 

Authors’ Summary. 
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Exi’kuimkntal Chronic HYPnRi'ARATiiYRouHSM Lkading to Ostitis Fibrosa. 

A. IBodansky and H. 1.. Jaffe, J. Kxpcr. Bvled. 53:591, 1931. 

On a low intake of calcium hj’percalccinia tended to disappear in chronic 
liyperparatliyroidism on a given dose of paratliornionc (as large as 6 units per 
kilogram), apparently owing to the reduction of a readily available calcium reserve. 
An increase of cither the intake of calcium or the daily dose of parathormone 
caused a rise of serum calcium and .symptoms of overdosage. Hjqiocalcemia 
developed in chronic hyperparathyroidism in young puppies on a diet low in 
calcium. Tetany occurred at a level of calcium that was higher, and a level of 
phosphorus that was lower, than in tetania parathyreopriva of young puppies. 
About 0.1 Gm. of calcium daily was apparently sufilcient to maintain the scrum 
calcium at a normal level. The serum phosphorus in chronic hyperparathyroidism 
in young puppies continued at, or rose above, the high level normal for young 
animals. Toward the end of long jicriods of treatment with large doses of para- 
thormone (about 5 units per kilogram) serum phosphorus approached normal levels, 
and pronounced hypercalcemia was absent, but hypotonia and other symptoms of 
hyperparathyroidism were present. Early in the treatment and on liberal intakes 
of calcium, a single dose of parathormone caused more marked relative rise of 
scrum calcium than in normal adult dogs, confirming previous observations. Later 
in the treatment and on low intakes of calcium, this effect was greatly reduced. 
Serum phosphorus rose after a single injection of parathormone, even when the 
effect on the serum calcium was slight or absent. The continued ciTect of para- 
thormone on serum calcium after prolonged periods of treatment, and the modified 
response of the serum phosphorus, indicate tolerance due to some compensation, 
rather than immunity. The lesions of the bones, presenting the essential features 
of osteitis fibrosa cystica osteoplastica (von Recklinghausen’s disease) in varying 
degrees of severity, depending on the relation of the dose of parathormone to 
the intake of calcium and to the duration of the treatment, were most prominent 
on low intakes of calcium, which permitted the use of large doses of parathormone 
without fatal hypercalcemia and without .symptoms of overdosage. 

Authors’ Summary. 

Absorption of Particui.ate Matter by the Great Omentum. A. P. 
Batchei.der, M. E. Fiei-d and C. K. Drinker, J. Exper. Med. 53:641, 
1931. 

When the omentum of the dog is floated in a suspension of insoluble nickel 
silicate in physiologic solution of sodium chloride under circumstances precluding 
the possibility of lymphatic drainage, the liver removed after at least one hour 
contains nickel, which must have been brought to it in particulate form by way 
of the blood capillaries. The blood capillaries arc therefore a pathway for the 
absorption of solid material, but are not important in this respect. 

Authors’ Summary. 


Fixation of Bacteria and of Particueate Matter at the Site of Inflam- 
mation. V. Menkin, j. E.xper. Med. 53:647, 1931. 

India ink or particles of graphite injected into an area of inflammation fail to 
disseminate to the tributary lymph nodes. When injected into a normal peritoneal 
cavity, they rapidly appear in the retrosternal lymph nodes. When injected into 
an inflamed peritoneal cavitj', they are fixed in situ and fail to reach the regional 
lymph nodes. Particles of graphite injected into the circulating blood enter an 
inflamed area both as free particles, owing to increased capillary permeabilit}^ and 
also as phagocytosed material within leukocytes. ' Bacteria {Bacillus prodigiostis) 
injected into inflamed tissue are fixed at the site of inflammation and fail to 
disseminate to the regional lymph nodes as readily as when injected into normal 
tissue. Bacteria {B. prodigiosus) injected at the periphery of an inflamed area 
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do not readily penetrate into the site of inflamination. The experiments furnish 
evidence, in addition to that already provided, that fixation of foreign substances 
by the inflammatory reaction is primarily due to mechanical obstruction caused 
by a network of fibrin and by thrombosed lymphatics at the site of inflammation. 
Bacteria {B. prodigiosus and B. pyocyanciis) injected intravenously rapidly enter 
an inflamed area. It is suggested that localization of bacteria in a locus minoris 
resistentiae may be explained as the result of increased capillary permeability, with 
subsequent accumulation and fixation of bacteria from the blood stream at the 
point of injury. Author’s Summary. 

Studies on Transmissible Lymphoid Leucemia of Mice. J. Furth and 
M. Strumia, J. Exper. Med. 53:715, 1931. 

Lymphoid leukemia of the mouse is readily transmitted by intravenous inocula- 
tions. The majority of the mice inoculated acquire leukemic lympliadenosis, and 
a smaller number of them acquire aleukemic lymphadenosis. The data presented 
favor the view that leukemic and aleukemic lymphadenosis are essentially the 
same condition. Leukemia produced by transmission is preceded by an aleukemic 
stage; in this, the lymph nodes and the spleen are uniformly enlarged, and the 
white blood count and the percentage of lymphocytes are within the normal 
range, but immature lymphocytes arc numerous in tlie circulating blood. Young, 
as well as old, mice ma}' acquire leukemia if leukemic material enters their circula- 
tion. Studies of transmissible leukemia favor the view that in mammals this is 
a neoplastic disease. The basic problem of leukemia would seem to be the determi- 
nation of the factors that bring about a malignant transformation of lymphoid cells. 

Authors’ Summary. 

Observations upon the Vascular Mechanism in Acrocyanosis. Thomas 
Lewis and Eugene M. Landis, Heart 15:229, 1930. 

The following conclusions are derived mainly from an examination of the 
hands of a patient with fully developed acrocyanosis. The essential disturbance 
of the cutaneous circulation is an obstruction in the cutaneous arterioles ; the 
obstruction is not on the venous side. The obstruction is not the result of structural 
change, but is due to increased tone of the arterioles at the ordinary temperatures 
of the room. The vessels, though capable of expanding fully, are in a state of 
relative spasm. This spasm is not due to increased vasomotor tone; its cause is 
to be sought in the vessels themselves. The arteriolar spasm is the cause of the 
diminished flow of blood in, and coldness of, the skin. Cj'anosis results from the 
diminished blood flow and also in part from the increased blood content of the skin. 
The decreased tone of the vessels that give the skin its intense color is due in 
part to diminished blood flow through them; it is probably brought about in part 
by the continued low temperature. Authors’ Summary. 


Micro-Injection Studies of Capillary Blood Pressure in Raynaud’s 
Disease. Eugene M. Landis, Heart 15:247, 1930. 

Micro-injection studies of capillary pressure in Raynaud’s disease indicate that 
during the period of spasm the pressure at the summit of the capillary loop is 
between 5 and 8 mm. of mercury when the loop is at the level of the sternum. 
As the arterial spasm relaxes capillary pressure rises during the hyperemia of 
recovery to between 32 and 45 mm. of mercury; pulse pressure in the capillaries, 
absent during spasm, becomes conspicuous, increasing with arteriolar relaxation. 
A slight swelling of the fingers occurs during recovery and is ascribed to changes 
in the fluid balance consequent on asphyxia of the capillary wall and on the 
increased capillary pressure. The slowness with which capillary pressure rises 
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wlicn venous congestion is artificially imposed during the period of spasm, and 
the rapidity with which it falls at the release of such congestion, show that this 
spasm is situated on the arterial and not on the venous side of the capillary network. 

Author’s Summary. 

Observations on Direct Com.municatio.ns Between Arteries and Veins 
IN THE RjIbbit’s Ear. R. T. Grant, Heart 15:281, 1930. 

Numerous direct communications between the arteries and veins are constantly 
present in the rabbit’s ear. Their structure is described. The anastomoses can be 
seen during life and their reactions studied. They react by dilatation to mechanical 
stimulation, histamine, acetylcholine and cold. Epinephrine constricts them. They 
can be dilated througii the action of the local axon reflex. They are particular!}’’ 
responsive, contracting vigorously and quickly, to sympathetic impulses. An 
unusually rich distribution of the perivascular sympathetic nervous plexus to the 
anastomoses is described. The anastomoses serve two functions, (a) local and 
(b) general: 1. Mainly through their agency, the temperature of the ears is 
maintained when these are c.xposed to cold. 2. They are important factors in 
the regulation of the temperature of the body, aiding the dispersal of heat by 
allowing an enormous flow of blood through the ears. 

Author’s Summary. 

An Analysis or the Data Collected by the Status Lymphaticus Investi- 
gation Committee. M. Young and H. M. Turnbui.l, J. Path. & Bact. 
34:213, 1931. 

In the opinion of the committee the facts elicited in the present inquiry are 
in harmony with those of Hammar (1926 and 1929) and Greenwood and Woods 
(1927) in affording no evidence that so-called “status thymicolymphaticus’’ has 
any existence as a pathologic entity. Authors’ Sum.mary. 


Monkeys Born in Captivity. Charles Nicolle and Louis Wetterle, 
Arch. Inst. Pasteur de Tunis 19:465, 1930. 


Two monkeys of the genus Callilrichc and one of the species Macacus 
cyuomolgus were conceived and born in captivity. Conception occurred twice 
during convalescence from a serious infection on the part of one parent. The 
advantages of raising monkeys in studies of genetics and of the transmission of 
infections are evident. Marshall. 


Changes in the Blood and Renal Function After Remov.\l of the 
Celiac and Superior Mesenteric Ganglions and the Left Adrenal 
Gland. P. Pannella, Riv. di path. sper. 6:132, 1930. 

After removal of the celiac and superior mesenteric ganglions and the left 
adrenal' gland, the red blood cells are unchanged, but the white cells are increased 
in number about 200 per cent. A retention of chloride was produced in the blood, 
and a disturbance of renal function could be' shown through the xanthoprotein test. 

Emmerich Haam. 


Changes in the Lung After Removal of the Cervical Part of the 
Sympathetic Nerve. D. Vallone, Riv. di pat. sper. 6:278, 1930. 

The removal of the cervical part of the sympathetic produces hyperemia in, 
the lung by vasoparalysis. .This hyperemia is bilateral, but more marked in the 
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lung of the side on which the operation was performed. A vital staining of the 
lung with trypan-blue show.s a scarcity of the blue stained granules in the lung 
of the side operated on, indicating trophoneurotic disturbances of this organ. 

Emmerich Haam. 


Hemorrhagic Diatheses. M. B. Schmidt, Verhandl. d. deutsch. path. Gesellsch. 
25 : 10 , 1930 . 


In the main, the author concludes from an anatomic and experimental study 
that many of the conditions grouped under “hemorrhagic diathesis” may be 
explained by changes in the vascular walls, especially those of the venules. He 
urges that in the study of these conditions more attention be paid to the blood 
vessels. In his consideration of the various hemorrhagic diatheses he readies 
the following conclusions : 

Hemophilia. — No changes are found in the walls of the blood vessels. The 
possibility of chemical changes in the blood must be seriously considered. A 
similar picture is found in deep icterus and phosphorus poisoning, in which there 
is a disturbance of the formation of thrombokinase from injury to the liver. A 
clumping together of the thrombocjdcs in a slow circulation, without the formation 
of fibrin, causes an endothelial reaction that results in vascular rupture (Dietrich). 
This may explain the hemorrhages in hemophilia. One must not confuse this 
condition with pseudohemophilia, in which there is an absence of fibrinogen. This 
fact and the absence of a familj" history should exclude hemophilia vera. 

Thrombocytopenia. — Thrombocytopenia may occur alone or secondary to infec- 
tions or to diseases of the blood. That this condition is associated witli thrombo- 
penia does not mean that all hemorrhagic diatheses may be so explained. The 
cause of the thrombopenia, whether it is a decreased formation of platelets in 
the bone marrow (Frank) or an increased destruction in the spleen (Kaznelson), 
has not yet been determined. In a case of sudden generalized hemorrhage, the 
author found a mild infectious state of the blood vessels, especially of the small 
veins, with endothelial proliferation and perivascular round cell infiltration, but 
no bacteria. The bone marrow was normal, with no decrease in number or 
change of the megakaryocytes. From these observations the author concluded 
that there is no constant relationship between thrombopenia and hemorrhagic 
diathesis, and that the vascular changes are probably the most important factor. 

Scurvy. — The deficiency of vitamins predisposes to infection b}’ organisms 
already present in the skin, mouth, etc. In the skin the hemorrhages are about 
hair follicles because of infection there. The deep hemorrhages are also explained 
on an infectious basis, as the small veins sh6w proliferation of the endothelium 
with perivascular round cell and leukocytic infiltration. Experimental scurvy in 
guinea-pigs shows similar histologic changes. Superimposed infection causes an 
increase in the hemorrhagic diathesis. 


Panmyelophthisis (Aplastic Anemia). — Here, too, changes in the small veins 
are found where hemorrhages occur. In experimental benzene poisoning of rabbits 
hemorrhages were noted before the platelet count diminished, indicating that there 
is a toxic change in the wall of the blood vessels, and that the decrease in the 
number of platelets is not essential. 

Schonlcin-Henoch Purpura. — In this condition changes are found in the smaller 
blood vessels, similar to those described. The role of thrombi, as stressed b}^ 
Silbermann, could not be verified. As it is difficult to reproduce a similar condi- 
tion experimentally, little can be added. 

Infectious Type. — Emboli of bacteria, as in meningococcic meningitis and bac- 
terial endocarditis, and toxic changes of the endothelium, as in hemorrhagic small- 
pox, are the underlying factors in infectious conditions. 


Uremia. — ^In uremia, a cytolysin is produced that dissolves the capillar}^ endo- 
thelium as snake venom does. „ -r. -r, 

■ Sol Roy Rosenthal. 
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Pathologic Anatomy 

Shadows Produced iiv Lead in the X-Ray Pictures of the Growing 
Skeleton. Edwards A. Park, Deborah Jackson and Laslo Kajdi, Am. 

J. Dis. Child. 41:485, 1931. 

Four cases of lead poisoning occurring in infants are reported. Three of the . 
infants Iiad definite histories of liaving ingested paint; the other possessed an 
unreliable history in this regard. Two of the cases were fatal, and in these 
autopsies were performed. In all the cases roentgen examination revealed clouding 
of the bone in the area of greatest growth, namely, the metapliysis. The changes 
were similar to those produced by ingestion of phosphorus, arsenic and some of 
the heavy metals. It is suggested that clouding appeared only in the areas of 
most rapid growth because the lead combined with the cells there or altered them. 
Microscopic sections through these areas of density revealed an increase in the 
number of trabeculae and more marked compression of them. In the two fatal 
cases the band shadows (metapliysis) were narrow and intense ; this probabb' 
indicates massive doses of lead over a short period of time. The roentgen shadows 
that are produced may be of value in the diagnosis of lead poisoning in children. 

P. H. Guinand. 

A Case of .Amyotonia with Histologic Observations. C. R. Tuthill 
and AI. G. Levy, Am. J. Dis. Child. 41:591, 1931. 

The case of amyotonia described occurred in a boy who was fully developed 
at birth and who was the first born child of young and healthy parents. Attention 
was drawiT to a weakness of the lower limbs when the child was 10 days of age. 
At 1 month the child showed pronounced paralysis of the lower limbs, which 
spread gradually to the muscles of the upper limbs, of the neck and of deglutition 
and to the accessory muscles of respiration. Scoliosis and ankle drop also 
developed. The tendon reflexes were lost, but at no time was sensation involved. 
In the si-xth week the child began to lose weight. He died of aspiration pneumonia 
when he was 10 weeks of age. Gross and microscopic examination of the skeletal 
muscles sliowed the changes t 3 'pical of Oppenheim’s disease or of Werdnig- 
Hoffman’s muscular atrophy. This was true also of histologic e.xamination of 
the nerv'ous system, in which were found chromatolysis of the ganglion cells, 
neuronophagia and loss of cells in the anterior horns of the spinal cord, in the 
hypoglossal nuclei and in the thalami. The anterior roots of the cord and the 
fibers of the hypoglossal nerve were atrophied. In the onlj' muscle examined, 
the tongue, the motor plate endings were not present. This case does not offer 
any points of differentiation, either clinically or pathologically, between Oppenheim’s 
disease and the Werdnig-Hoffman tj'pe of muscular atrophy. 

Authors’ Summary. 

Correlation of the Roentgenologic Picture with the Anatomic Changes 
IN Congenital Osseous Syphilis. Stafford McLean, Am. J. Dis. Child 
41:607, 1931. 

A complete clinical, roentgenologic and pathologic study was made of si.xteen 
infants who died at the age of 13 months or less. In this group all types of 
syphilis of the bones were represented. The clinical findings strongly indicated the 
diagnosis of syphilis, which in every case was supported by either biopsy or 
autopsy. Thirteen of the cases presented positive serologic results: in the other 
three cases the blood was not examined. In every case the diagnosis of osseous 
syphilis was substantiated by roentgen examination. t, tt ^ 

P. H. Guinand. 
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A Tooth in the Peeurae Cavity. I. Davidsohn, Am. J. M. Sc. 181:494, 
1931. 

As it is assumed that the deciduous teeth are shed not later than the age 
of 12 or 13 years, about from nineteen to twenty years had elapsed in the case 
reported since the tooth, being accidentally inhaled into the left bronchus, began 
its migration into the pleural cavity. It is possible that the point of entrance was 
not at the place where it was found at autopsy. The adhesions along the lateral 
aspect of the lung may point to a perforation higher up with a subsequent inflam- 
mation due to irritation. The tooth itself sank to the lowest point, and there it 
was found at autopsy. The long time that intervened between the inhalation of 
the tooth and the patient’s death may explain the absence of any evidence of the 
destructive path that the tooth had traveled. The striking feature of this case 
is the absence of any detectable pathologic changes in the lung, with the exception 
of the pleural adhesions. Also of interest is the long time during which the tooth 
was in this unusual location without occasioning symptoms. 

Author’s Summary. 

Absorption from the Peeurae Cavity of Dogs. George Higgins and 

WiEEis S. Lemon, Am. J. M. Sc. 181:697, 1931. 

The polymorphonuclear leukocyte, so actively phagocytic in early exudates, 
disintegrated without further transformation. The large number of mononuclear 
cells arose from the locally produced wandering cell, the blood monocyte and 
perhaps the lymphocyte. The majority of the mononuclear cells continued as 
spherical ameboid cells, whereas many others produced connective tissue fibers and 
resembled fibroblasts. The cells resembling fibroblasts which apjieared in the fully 
organized exudative cellular masses may be derived from both clasmatocytes and 
lymphocj'tes, from locally produced fibroblasts and from the mesothelial cells of 
the parietal pleura. Authors’ Summary. 

Hemorrhagic Pancreatitis. V. J. Dardinski, Am. J. Path. 7:169, 1931. 

In two cases of hemorrhagic disease of the pancreas impaction of gallstones 
at the ampulla of Vater could not be considered an etiologic factor. In one case 
the common bile duct and the pancreatic duct each had a separate opening on the 
tip of the papilla. In the other case the outlet of the pancreatic duct was 5 mm. 
distal to that of the common bile duct. In neither case was there any possibility 
that the obstruction at the outlet produced a continuous channel from the common 
bile duct into the pancreatic duct. Author’s Summary. 

Obstruction of the Aqueduct of Syevius. Samuel T. Orton, Bull. Neurol. 

Inst., New York 1:72, 1931. 

One of Orton’s two cases of occlusion of the sylvian aqueduct was due to a 
pronounced granular ependymitis ; the other, to a small astrocytoma. The com- 
plaints in the first case were unstead 3 " gait, rapid gain in weight, excessive appetite, 
especially for sweets, and pol}mria. The sj^mptoms developed within three j'ears. 
The patient was short in stature, obese and dull in appearance and showed a 
papilledema and basal metabolism of — 10. Roentgenograms and ventriculograms 
showed only increased intracranial pressure and dilated ventricles. The patient 
died eight days after the ventriculographjE 

Macroscopic and microscopic observation showed an extensive internal hydro- 
cephalus caused by a pericanalicular gliosis and granular ependymitis of the 
sylvian aqueduct; the fourth ventricle showed changes similar to those around the 
aqueduct. The left ventricular wall was ruptured with formation of a cyst, com- 
pression of the vermis, collapse of the roof of the fourth ventricle and a consequent 
secondary obstruction to the ventricular outflow of fluid. 
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In the second ease, a boy, aged 9, had his forehead and one leg injured in an 
automobile accident two years before admission. Three months before admission, 
bed wetting and pollakiuria (at night) set in, also increase in weight, occasional 
headache and visual disturbances. Examination revealed • bilateral papilledema, a 
suggestion of binasal heinianopia, a rather large sella turcica and no air shadows 
in the ventricles (after injection of air by lumbar puncture). ■ Two operations 
performed for a pituitary lesion revealed no tumor. The patient died about three 
weeks after the first operation. A diagnosis of a probable tumor of the third 
ventricle had been made. Necropsy revealed hydrocephalus and occlusion of the 
sylvian aqueduct by an astrocj’toma fibrillare of exceedingly small size, though 
Orton admits that a differentiation between a small fibrillary astrocytoma and a 
proliferative gliosis is often rather difficult; that is, pathognomonic morphologic 
differences are absent. The most consistent difference between the neoplastic and 
the other types of growth Orton sees in the evidence of nuclear activity, as shown 
by variation in size, form and staining reaction. In the tumor, the size of the nuclei 
and their staining qualities are much more variable; often the nuclei are of double 
volume; most of them are vesicular; they are hardly ever pyknotic, and budding 
and twin nuclei are rather common. Additional factors arc the extent of the 
tumor, complete obliteration of the parenchj'ina and its replacement b}' the tumor 
and a greater wealth in cells. Of the conclusions, the most interesting is that 
enlargement of the head from infancy may indicate a reduced factor of safety in 
ventricular drainage and may serve as a symptom of importance in differentiating 
structure of the aqueduct from tumors of the posterior fossa and from suprasellar 

growths. Geouge B. Hassin. 


Tumor of the Posterior Cranial Fossa Causing Visual Hallucinations. 
Edwi.v M. Deerv, Bull. Neurol. Inst., New York 1:97, 1931. 


Tumors of the occipital and frequently also of the temporal lobes have been 
known to cause visual hallucinations by direct or indirect involvement of the 
optic pathways. Deery reports two cases in which optic hallucinations occurred 
with cerebellar tumors, in which thus the possibility of a lesion of the optic nerve 
could with safety be excluded. In the first case, papilledema was associated with 
signs of involvement of the fifth, seventh and eighth nerves; yet a supratentorial 
tumor of the temporal lobe was diagnosed because of the predominance of hallucina- 
tions and of signs of involvement of the pyramidal tract on the left side (exaggerated 
reflexes and some spasticity). Necropsy revealed a tumor of the left cerebellar 
pontile angle, which the author defines as an acoustic neuroma. 


In the second case the hallucinations were both olfactory and visual, with 
signs of a cerebellar tumor, revealed mainly bj' roentgenograms. An operation 
showed a dermoid cyst of the middle cerebellar lobe. A definite anatomophysiologic 
explanation is not given by the author. 


Microbiology and Parasitology 

Agranulocytosis. William Damesiiek and Maurice Ingall Am J M Sc 
181:502, 1931. 

Nine cases diagnosed as agranulocytosis are reported : Four of the cases 
were typical of the “angina agranulocj'tica” described by Schultz; the other five 
were atypical in one or another feature. Two of the cases occurred in infants. 
In two of the cases recovery took place. In one case injections of arsphenamine 
constituted in all probability an etiologic factor. The diagnosis of the disease, 
the blood pictures and various clinical features are discussed. The phase of 
recovery, with its marked monocytosis and histiocytosis, was studied in cases 
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7 and 8. It is felt that agranulocytosis is a symptom complex, dependent primarily 
on an abnormal reaction of the bone marrow to severe sepsis. Gradations can 
be seen between the typical case with angina and cases of sepsis with an atypical 

' Authors' Summary. 

A Case of Endemic Typhus in Virginia. H. Pinkerton and K. F. Maxcy, 
Am. J. Path. 7:95, 1931. 

Study of a fatal case of endemic typhus fever in Virginia has established the 
complete pathologic identity of the disease with European typhus, the charac- 
teristic lesions of the brain were fully as numerous as in the average case of 
European typhus fever, and many of these lesions were unusually acute. Involve- 
ment of the tunica vaginalis and scrotum was no more marked than in European 
typhus fever. Rickettsia prozvaccki was easih' and clearly demonstrated in the 
endothelial cells of the vascular lesions in the brain, but were not found in 
macrophages or neuroglial cells. A technic is described for the demonstration 
of rickettsiae in formaldehyde fixed brain. The demonstration of Rickettsia 
prozvaiseki in this material is to be added to the already overwhelming evidence 
in favor of their etiologic relationship to t^'phus fever. 

Authors’ Sum.mary. 

Susceptibility of the Gopher to Tuberculosis. W. H. Feldman, Am. 
J. Path. 7:139, 1931. 

Gophers were inoculated intravenously, subcutaneously and intraperitoneally 
with human, bovine and avian strains of the tubercle bacillus. Tlie most pro- 
nounced infection was noted in animals inoculated intravenously. Infection with 
all three strains was possible, but that with the human and bovine strains was 
the most pronounced. Eeeyes. 


Pathological Reaction of Dogs to Avian Tuberculosis. W. H. Feldman, 
Am. J. Path. 7:147, 1931. 

Dogs intracerebrally inoculated showed tuberculous lesions in the brain and 
liver in all instances. In one case the spleen was involved. Lesions were never 
found in the lungs. Intravenous injection gave, at times, a nonprogressive lesion 
limited to the liver. The lesions produced were circumscribed or diffuse accumula- 
tions of monocytic cells. Most lesions were progressive; necrosis was not common, 
and giant cells were absent. Attempts to produce infections through other portals 
of entry indicated that the dog possesses a constitutional resistance to avian 
tuberculosis. Delves. 


Resistance of Protozoa to Crotalus and Cobra Venoms. C. H. Philpott, 
Biol. Bull. 60:64, 1931. 

In an attempt to determine whether the effect of venoms on various types of 
protoplasm is general, a study was made of the relative resistance of fourteen 
species of protozoa to the lethal action of crotalic and cobra venoms. It was 
found, so far as this group of jirotozoa is concerned, that the poisonous effect of 
these venoms is general. There was found to exist among the species, however, 
much variation in the degree of resistance to these agents. Some species had 
relatively high resistance to one venom and low to the other while, in other 
species, the reverse relationship existed. Charles H. Philpott. 
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Reduction of Resistance to Typhus Virus by Diet Deficiency. H. 

Zinsser, M. Ruiz Castaneda and C. V. Seastone, Jr., J. Expcr. Med. 

53:333, 1931. 

The experiments demonstrate that guinea-pigs and rats subjected to diets 
deficient in vitamins to a point at which S 3 Mnptoms appear, and tlien inoculated 
with tj-phus virus, exhibit clinical pictures that indicate a far more severe infec- 
tion than that observed in normal animals after inoculation. There is also a 
wider distribution of Rickettsiae and a concentration of organisms which, in pleural 
and peritoneal exudates, amounts almost to cultural proportions. Important from 
our point of view is the fact that these experiments furnished a step toward the 
accomplishment of our purpose, which was to obtain amounts and concentrations 
of Rickettsiae suitable for immunologic studies until such time as tissue culture 
maj' have developed to a practicallj' useful stage. The e.xperiments are of 
immediate importance in that thej- furnish us a method for improving the technic 
of active immunization reported on in the preceding paper, no. 5. From the 
epidemiologic point of view these experiments at least suggest an explanation 
of one of the important factors that enter into the historical association of high 
mortalitj- from typhus with war and famine. Authors’ Summary. 


Further Observations o.n the Survival of Vaccine Virus Separated 

FROM Living Host Cedes by Collodion Membranes. R. S. Muckenfuss, 

' J. Expcr, l\Ied. 53:377, 1931. 

The survival of vaccine virus separated from a suspension of fresh minced 
rabbit kidney by a collodion membrane was not complete in these experiments, 
and passage in series was not successful. The degree of survival seemed some- 
what greater if dead cells, killed by repeated freezing and thawing, were added 
to the virus during incubation, although the tissue was able to increase the intensity 
of the intradernial reactions. Extracts of dead cells did not increase the degree 
of survival, as determined by the intensity of the intradernial reaction. No sig- 
nificant or constant increase in the intensit}' of the intradernial reactions resulted 
from the addition of cysteine hydrochloride to the virus in the dialyzing apparatus. 

Author’s Summary. 

Etiology of Common Cold. P. H. Long, J. A. Doull, J. AI. Bourn and 

E, McComb, j. Exper. Med. 53:447, 1931. 

Experimental infections of the upper respiratory tract similar to “common 
colds” were transmitted singly and in series through two and four passages in 
nine of fifteen persons, by intranasal inoculations with bacteria-free filtrates of 
nasopharyngeal washings obtained from persons ill with natural “colds.” These 
observations conform with those reported by previous workers and lend further 
support to the view that the incitant of the “common cold” is a filtrable virus. 

Authors’ Summary. 

Variation and Type Specificity in the Species Hemophilus Influenzae. 

AI. Pittman, J. Exper. Med. 53:471, 1931. 

Strains of influenza bacilli are of two kinds, which have been called S and R. 
The S strains are distinguished by the appearance of their colonies, which have a 
smooth surface, are of large size, show opaqueness and take on iridescence in 
oblique transmitted light, by the fact that the individual bacteria are capsulated, 
and by the fact that they produce a soluble specific substance which is present in 
culture filtrates and in washings of the bacteria. R strains form colonies that are 
rough and irregular in outline, are less opaque than S colonies, are of smaller size 
and are not iridescent; the individual bacterium possesses no capsule, and these 
strains produce no soluble specific substance. The S strains are ’ also more 
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pathogenic for animals than the R strains. By means of cross-precipitation 
reactions it has been possible to divide the fifteen S strains studied into two 
distinct immunologic types. The same specific types arc shown by means of 
agglutination reactions carried out at a temperature of 37 C. Spontaneous con- 
version of S into R strains occurs in artificial culture mediums with great readiness. 
This may be delayed by certain cultural procedures, and may be hastened by 
growth in mediums containing type-specific antiserum. Artificial conversion of 
R into S strains has been observed, but the changes are carried out only with 
great difficulty. Author’s Su.^rMARY. 


Epidemioi-ogy of Pneumococcus Infection. L. T. Webster and T. P. 

Hughes, J. Exper. Med. 53:535, 1931. 

Pneumococci were found in the nasal passages and throats of 80 per cent of 
105 adults and children studied. Ninety-seven per cent of 500 strains studied 
were serologically specific. Pneumococci of tj-pes I and II were found under 
conditions suggesting their lack of capacitj' to spread. Types III and XIII seemed 
to spread from person to person. Individuals were found to be pneumococcus-free 
or transiently, periodically or chronically carriers. The incidence of pneumococci 
in all persons studied underwent a seasonal variation paralleling that of coryza and 
sore throats in the same person. ^ 


Metabolism of S and R Forms of Pneumococcus. P. Finkle, J. Exper. 

Med. 53:661, 1931. 

In the present paper are given the results of studies on the respiratory and 
glycolytic metabolism of pneumococcus types I, II and III, and of the R forms 
derived from these. The S and R forms arc compared as to metabolism, and the 
relationship between changes in virulence, changes in chemical constitution and 
changes in metabolism is discussed. 

A Bacteriological Study of “Colds” on an Isolated Tropical Island. 

D. F. Milam and W. G. Smillie, J. E.xpcr. Med. 53:733, 1931. 

Studies in the Virgin Islands, Labrador and Alabama suggest that colds are 
incited by some specific agent with which investigators are not yet familiar. These 
studies suggest also that the secondary and more severe symptoms associated with 
colds maj" be due to certain aerobic flora commonly found in the nasopharynx. 
Types of pneumococci that are virulent (in white mice) and true Pfeiffer’s bacilli 
requiring both V and X substance (and forming indol?) seem to be of particular 
importance in these secondary infections. The studies indicate that the specific 
agent that initiates colds is infectious, and is spread by direct contact, with an 
incubation period of from one to three days. There is strong evidence that 
environmental factors, particularly reduction in atmospheric temperature, have some 
influence on the incidence of colds. Authors’ Summary. 

The Effect of Secondary Infections on Experimental Trachoma. P. K. 

Olitsky, R. E. Knutti and J. R. Tyler, J. Exper. Med. 53:753, 1931. 

By introducing secondary infections in monkej's already showing characteristic 
granular conjunctivitis following inoculation of human trachomatous tissues or 
cultures of Bactcrhim granulosis, it is possible to bring about a condition the 
clinical appearance of which closely resembles that of florid human trachoma. 
Secondary infection appears to be important in the pathogenesis of the experi- 
mental disease, since by it a reaction that is mainly follicular can be converted 
into a still more severe and destructive hyperemic, granulopapillary type. In 
this respect an analogue may be found to trachoma in man. 

Authors’ Summary. 
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Undulant Fever in Azeuiiaidjan. P. Zdkodowski, I-I. Brenn and B. 

VosKREssENSKi, Alin. Iiist. Pastcur 45:768, 1930. 

In a lengthy study of undulant fever over tlie past eight years, the authors 
'considered clinical aspects, treatment, pathologic anatomy, allergy, infection of 
animals and the organisms of the genus Brucella. Fifteen persons who contracted 
the disease in the laboratory were observed; in six of these the symptoms were 
almost negligible, although one had a positive blood culture and a titer of agglutina- 
tion of 1 : 10,000. In from 80 to 85 per cent of the cases, blood cultures showed 
organisms, but the titers of the scrum agglutinin varied. Latency of seven months 
was noted. Enduring nervous S 3 ’mptonis may exist, as well as orchitis, adenitis, 
mastitis, subcutaneous abscess, icterus et al. Various treatments were uncertain as 
to results. All organisms were virulent for guinea-pigs ; virulence was demon- 
strated after eight years’ isolation. Infection was noted in parenteral, oral and 
intradermal inoculations and in inoculation of the conjunctival sac. In guinea-pigs 
symptoms were usually absent, but might be acute; cachexia and alopecia, keratitis, 
abscesses, paralysis, with involvement of joints, and orchitis might be noted. A 
unique opportuniti' for study was afforded in a natural epizootic among 400 guinea- 
pigs. A tj’pical mobilization of cells was noted in the h'lnph nodes, spleen and 
bone marrow: it was less extensive elsewhere. Histologically the lesions resembled 
those of pseudotuberculosis. No superinfcction seemed possible, and culture filtrates 
proved innocuous. A series of studies of the organisms indicated the presence 
of normal smooth S types and rough R types, with some intermediates. The 
paratypes of B. iiiclitciisL'; and B. abortus were found to be R in type, and the 
R types were avirulent or weakly virulent. There were noted numerous serologic 
varieties. In the opinion of the authors, any classification of the organisms 
involved is arbitrary. Marshall. 


Chickeni’Ox-Herpes Zoster Virus. Arnold Netter and Achille Urbain, 
Ann. Inst. Pasteur 46:17, 1931. 

Using complement- fixation and studying a number of cases of chickenpox and 
of herpes zoster-like exanthems from various angles, the authors suggest that 
there is a close relationship between the viruses of these diseases. 

M. S. Marshall. • 

Epidemiology of Poliomyelitis. C. Levaditi, E. Schmute and L. 
WiLLEMiN, Ann. Inst. Pasteur 46:80, 1931. 

In this article arc presented the results of a thorough epidemiologic study of 
an epidemic during the months from June to September, 1930, in the vicinity of 
Strasbourg, involving 405 persons (60.3 per hundred thousand), of whom 39 died. 

M. S. Marshall. 

Poliomyelitis. C. Levaditi and L. Willemin, Ann. Inst. Pasteur 46:233, 
1931. 

Following an epidemiologic report in a preceding number of this journal, an 
experimental study is given. From the spinal cords of five patients who died in 
the early stages, four successful inoculations were made in monkeys. Difficulty 
was encountered in serial transfer. The cerebral cortex in these cases gave nega- 
tive results. In a case in which the spinal cord induced sj^mptoms, the sciatic 
nerve gave negative results. Inguinal lymph nodes ■ produced an abortive form 
of the disease, and tonsils removed during the evolution of poliomyelitis in a child 
induced definite symptoms in a monkey. Twice, in eight attempts, positive results 
were demonstrated with nasopharyngeal filtrates. Fecal filtrates killed animals 
inoculated with them, suggesting a toxin, before a reasonable period of incubation. 
Per os or on scarified nasal mucosa neither unfiltered nasopharyngeal secretion 



294 


ARCHIVES OF PATHOLOGY 


nor feces conferred the disease. Water and milk, potentially naturally containing 
the virus, gave negative results. The virus survived at least two days in several 
species of mosquitoes tested, but direct transmission by this route failed. Flies 
did not appear to retain the active virus. Transmission by human contact is • 
the favored hypothesis. Marshall. 


Pneumonic Plague in Tunis. Paul Durand and Ernest Conseil, Arch. 

Inst. Pasteur de Tunis 19:245, 1930. 

An outbreak of pneumonic plague occurred in Tunis during the latter part of 
December, 1929, and the early part of January, 1930. There were sixty-five 
cases, all of which, except four, were fatal. Tliis paper presents the results of 
clinical, pathologic and bacteriologic studies. A preceding paper by these authors 
considered epidemiologic observations. The period of incubation varied from two 
to three days. The sudden onset of symptoms, ending with cyanosis and death, 
is discussed. Death followed in less than four days in half of twenty-two cases 
studied. One case exceeded eight days. At autopsy the bodies were frequently 
cyanotic, with purple lips, and the skin marked with bloody effusions — “the ‘black 
death’ of the middle ages.” Rigidity was marked. There was inflammation of 
the pleura. The lungs showed areas of hepatization and violet zones of conges- 
tion and edema ; hepatization was rarely red as in frank pneumonia and appeared 
microscopically as a mass of cells, white cells and hacilli being numerous. The 
tissue was firm, did not recede under pressure and sank in water. The heart was 
usually dilated, and some fluid was contained in the pericardium. The liver and 
the spleen were slightly congested; the kidnej's appeared normal. The intestines 
were usually congested, and the peritoneal cavity contained some fluid. Blood 
cultures, after four or five days’ incubation, were usually positive in life or at 
autopsy. After the first day of the disease, sputum yielded excellent cultures. The 
lungs, and to a less extent the liver and the kidnej's, yielded cultures at autopsy. 
Patients given vaccine by spraying the respiratory tract yielded cultures in the 
sputum late, if at all ; puncture of the lung demonstrated their presence. No 


mixed infections were noted. 


M. S. Marshall. 


Brucella Infections in Tunis and in Malta. I. F. Huddleson, Arch. 

Inst. Pasteur de Tunis 19:391, 1930. 

The organisms of Brucella were most frequently demonstrated in the blood 
during a rise in fever in the patient. All strains isolated from cases in man in 
Tunis and in Malta were, by the author’s methods, of the caprine or B. mclitensis 
type, i. e., neither bovine nor porcine varieties. Cases were found to be more 
acute and to last longer. Marshall. 


Tubercle Bacillemia in Various Diseases. E. Loewenstein, Miinchen. med. 
Wchnschr. 78:261, 1931. 


Loewenstein reports that with his cultural technic the tubercle bacillus has been 


isolated repeatedly from the blood of patients. 


Edwin F. Hirsch. 


Transplacental Tuberculous Infection. M. P. Isabolinski and W. J. 
Gitowitsch, Zentralbl. f. Bakt. (Abt. 1) 116:491, 1930. 

Tubercle bacilli passed through the placentas of tuberculous guinea-pigs and 

infected the fetuses, miliary tubercles being found in the lungs, liver and spleen, 

as well as tubercle bacilli and Much granules. rj t. ^ 

° Paul R. Cannon. 
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The Fieteability of Tubercle Bacilli and of Other Bacteria. Franz 
Lucksch, Zcntralbl. f. Bakt. (Abt. 1) 1930. 

Lucksch finds tliat granular developmental forms of the tubercle bacilli may 
be found in filtrates (Bcrkcfcld and Chamberlin) in the sputum of tuberculous 
patients. The granules arc not peculiar to tubercle bacilli, however, as they may 
also be found in filtrates from actinomycctcs and many other .micro-organisms. 
He believes that they develop within the animal body and cause lesions. They 
are probably forms of the bacteria modified by adverse environmental conditions 


and should not be considered as filtrable viruses. 


Paul R. Cannon. 


A Laboratory Infection with Scarlet Fever. F. von Bormann, Zentralbl. 
f. Bakt. (Abt. I) 117:460, 1930. 

A woman, aged 20, while washing filters used in filtering cultures of streptococci 
from the throat washings of patients with scarlet fever, acquired an infection of 
the left hand. From twelve to fourteen daj's later typical scarlet fever developed, 
although the patient had not been in contact with any cases. Hemolytic strepto- 
cocci, culturally identical, were obtained from the wound and from the nasopharynx. 
The erythema produced by the filtrate from these organisms was neutralized by 
scarlet fever antiserum. p Cannon. 


The Causes of the Illness in Infants Following Vaccination with 
Calmette-Gue:rin Bacilli in Lubeck. B. Lange, Ztschr. f. Tuberk. 
59:1, 1930. 


This is the final report from the Robert Koch Institute on the work that 
was done to decide what 'caused the death of numerous infants in Liibeck follow- 
ing vaccination with BCG. The conclusions arc as follows : The fatalities were 
caused directly by the oral administration of the vaccine prepared in Deycke’s 
laborator}'. The bacilli isolated from three infants dead of tuberculosis were 
pathogenic and caused progressive tuberculosis in guinea-pigs. Bacilli isolated 
from another infant who had died of intcrcurrent disease were not pathogenic for 
guinea-pigs. It is more than likely that the vaccines used consisted of a mixture 
of true BCG bacilli and a fully pathogenic strain of human bacilli. It must be 
assumed that the mixture was different at various times during the period of 
administration. There is not the slightest evidence that the BCG had increased 

Max Pinner. 


Immunology 

Complement Fixation in Yellow Fever in Monkey and in Man. Gordon 
Ernest Davis. Am. J. Hyg. 13:79, 1931. 

Serums from monkeys that have recovered from undoubted attacks of yellow 
fever invariably fix complement in the presence of virus-containing serums used as 
antigens. Serums from normal monkeys or from monkeys that have survived 
experimentation without infection as evidenced by death from yellow fever follow- 
ing the inoculation of a virus known to be active fail to fix complement in the 
presence of the same antigens. Serums from monkeys that have received successive 
doses of active virus, but that have shown no thermal reaction as evidence of 
yellow fever, fix complement in the same degree as serums from monkeys con- 
valescent from 3 'ellow fever. Serums from monkeys that have received successive 
doses of inactive virus fail to fix complement. Serums from monkeys that have 
received inactive virus (“vaccine”) followed by active virus may or may not 
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fix complement. Serums from monkeys that have been passively immunized with 
serum from convalescent monkeys and then inoculated with active virus do not 
fix complement unless there has been an apparent lowering of the immunity, as 
indicated by a thermal reaction to the virus. Serums from monkeys that have 
received convalescent human serum and active virus may or may not fix com- 
plement. Serums drawn from monkej'S during the febrile period of the disease 
act as potent antigens. The antibody content of scrums from monkeys convalescent 
from yellow fever is demonstrable in a few daj’s following the termination of the 
febrile period and may remain fairly constant over a period of several months. 
Serums of monkeys that have survived yellow fever, which have given complement 
fixation, but which after some weeks give a weaker reaction, or in which comple- 
ment-fixing substances can no longer be demonstrated, may be brought to the 
original titer or to one much higher by the inoculation of fresh or inactivated 
virus-containing serum (55 C. for fifteen minutes). Complement fixation in yellow 
fever in monkeys does not depend on concomitant bacterial infection. Passive 
sensitization of both guinea-pigs and rabbits is additional evidence of a true antigen- 
antibod}’- relationship in complement fixation in yellow fever. The rapid rise in 
the titer of the serum of a protected monkey following the inoculation of macerated 
infected mosquitoes is evidence of a biologic specificity. The biologic specificity 
of the complement fixation in yellow fever will probably remain undetermined 
until an antigen has been obtained that is less complex than blood serum or tissue 
extracts. Complement fixation, as used at present, can be of no assistance in 
determining areas of endemic yellow fever. Authok’s Summauy. 


Human Trichinella Spiralis Infections and the Bachman Precipitin 
Test. George W. Hunter, Am. J. H 3 'g. 13:311, 1931. 

Six cases presenting histories and clinical courses suggestive of trichinosis are 
discussed. In three that offered a common source of infection the Bachman test 
was positive, although biopsy on specimens taken from the gastrocnemius muscle 
gave negative results. The factors responsible for the eosinophilia are probably 
the factors reacting in the test positive for precipitin. The}' are most evident in 
the third or fourth week of the infection. The hope for an early diagnosis of these 
cases rests in an intracutaneous test. The test for precipitin is an advance over 
the biopsy, but needs refinement. The possible value of the test for precipitin 
in diagnosing cases in livestock is mentioned. p Guinand 


Active Immunization Against Typhus Fever with Formalinized Virus. 

H. Zinsser and M. Ruiz Castaneda, J. Exper. Med. 53:325, 1931. 

We have adduced evidence that guinea-pigs can be completely or partially 
protected by three injections of typhus tunica material in which there are moderate 
numbers of Rickettsiae, treated for from twenty-four to forty-eight hours with a 
0.2 per cent solution of formaldehyde. AVe believe that the immunization is due 
to the presence of Rickettsiae, since in our preceding experiments we satisfied 
ourselves that these organisms are the true etiologic factors of the disease. For 
the reasons stated, we believe that the formaldehj'de vaccine does not contain 
living, but attenuated, organisms, and that the immunizing effect is the result 
of treatment with formaldehyde-killed Rickettsiae. This point, however, we admit, 
is not absolutely determined. These experiments, with the results obtained in the 
concentration of Rickettsiae in material by the dietary method of reducing resistance, 
as described in the paper that follows, furnish a hopeful method and a reasonable 
theoretical basis for a procedure of active immunization against this disease in 

human beings. , , „ 

Authors Summary. 
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Non-Specific Local Cutaneous Immunity to Staphylococcus Aureus. 

J. A. Toomey and S. O. Freedlandek, J. Exper. Med. 53:363, 1931. 

Many substances besides the filtrates of broth cultures of Staphylococcus 
(Besred'ka) can be utilized as topical applications to protect guinea-pigs from 
the effects of massive doses of staphylococci given subcutaneously (plain broth, 10 
per cent peptone, 1 per cent peptone, Liebig’s meat extract, mustard plaster and 
normal horse serum). Where such protection occurs, no matter what the stimulus 
is, the local cutaneous reaction microscopically is the same as that previously 
described for broth compresses. Many topical applications of such substances as 
saline solution, water, plain compresses, etc., may confer slight protection on an 
animal. Specific filtrates (Besredka) confer no protection on the animal if applied 
at the time of inoculation or thereafter. The local protection described in our 
experiments is nonspecific. Authors’ Summary. 


Immunization with Mixtures of Poliomyelitis Virus and Alu.minum 
Hydroxide. C. P. Rhoads, J. Exper. Med. 53:399, 1931. 

E.xperiments are presented that indicate that the virus of poliomyelitis can be 
inactivated by a certain preparation of aluminum hydroxide. This effect is seen 
at neutrality and at a hydrogen ion concentration of p\i 5.5, but not at that of 
pn 8.8. Monkeys treated by repeated subcutaneous injections of the virus so 
inactivated evince immunity, as shown b}' resistance to intranasal instillation and 
intracerebral inoculation, as well as by the neutralizing power of their serums. 
The treatments that give rise to the immunity produce no symptoms of disease. 

Author’s Summary. 


Active Immunization Against Mexican Typhus Fever with Dead Virus. 
H. Zinsser and M. Ruiz Castaneda, J. Exper. Med. 53:493, 1931. 

Guinea-pigs can be immunized against the virus of Mexican typhus by intra- 
peritoneal injections of formaldehydized rickettsia-containing material, provided 
sufficient amounts of the organisms are used. Our results in this respect are 
analogous to those of Spencer and Parker with phenolized virus of Rocky Mountain 
spotted fever. Suspensions of Rickettsiae appear to possess considerable toxicity. 
We do not wish to be misunderstood as implying that the results in guinea-pigs 
offer anything more than a demonstration of the principle of active immunization 
with killed Rickettsiae. The application to man will have to be worked out, and 
preliminary to this we are now attempting to apply the methods to monkeys. 

Authors’ Summary. 

Immunological Relationships Among the Pneumococci. J. Y. Sugg and 
J. M. Neill, J. Exper. Med. 53:527, 1931. 

This paper reports interreactions of anaphylaxis and precipitation between 
antigens and antiserums derived from Pneumococcus, type 1 1, and from one variety 
of yeast. That the reactions occurred only with type II and not with types I 
and III is proof that the pneumococcal antigen responsible for the anaphylaxis 
of the animals sensitized to yeast was the type-specific carbohydrate (S). Pro- 
nounced differences in respect to reactivity with the pneumococcal antigen were 
found between antiyeast serums that were of equal potency in respect to reactivity 
with the yeast. This fact emphasizes the desirability of the use of separate anti- 
serums from a large number of animals in the study of microbial interrelationships. 

Authors’ Summary. 
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Potent Antipoliomyelitic Horse Serom Concentrate. E. R. Weyer, 

W. H. Park and E. J. Benzhaf, J. Ejcper. Med. 53:553, 1931. 

The horse, apparently itself not .susceptible to poliomyelitis, can be stimulated 
in certain cases, but not all, to the production of virucidal antibodies. The 
virucidal potenc}’ of such immune serum can be raised to a point comparable with 
that of human convalescent serum, and w'hcri concentrated and refined, it exhibits 
a fourfold increase in potenc}'. Such concentrates have proved effective in the 
prevention of paralysis in inoculated monkc- 3 's when given intraspinouslj' before 
the onset of paralysis. Treatment has been found to be more effective when the 
therapeutic serums have been given b}' the spinal route. Serum from “normal” 
adult donors has proved effective in neutrali^ting virus, but its potency is approxi- 
mately one-half that of serum from convalescent persons. 

Authors’ Summary. 

Specific and Nonspecific Polysaccharioes of Type IV Pneu.mococcus. 

M. Heidelberger and F. E. KendalE, Exper. Med. 53:625, 1931. 

Three nitrogen-containing polysaccharides have been isolated from autolj^zed 
cultures of Pneumococcus, type IV : a carbohydrate specific for the type, differing 
markedly from those of types I, II and III, and representing a type of substance 
hitherto not observed among specific poh'saccharides ; a chemically similar carbo- 
hj'drate without specific function, and the “C” substance, or species-specific polj^- 
saccharide of Tillett, Goebel and Avery. The chemical differences between the 
specific polysaccharides of Pneumococcus are discussed, and the relationship of 
the new examples to chitin is pointed out, aS well as the bearing of this relation- 
ship on the unsettled controversy as to whether or not chitin occurs in bacteria. 
The data of Tillett, Goebel and Aver 3 ' on the “C” substance have been extended. 

Authors’ Summary. 

Congenital Protein Hypersensitivenes^ in Two Gener.ations. B. RiVtner 

and H. L. Gruehl, J. Exper. Med. 53:677, 1931. 

Hypersensitivity actively induced in utefo is shown to persist for a longer 
period than passive sensitization. The degree of hypersensitivitj', its duration and 
its transmissibility appear to be influenced b 3 ’ the time elapsing between the original 
injection of the sensitizing substance into the parent and parturition. A preg- 
nant guinea-pig receiving a parenteral injection of antigen from two to four da 3 's 
prior to parturition transmits a state of h 3 'persensitivity to two succeeding genera- 
tions. The sensitization of the first generation is due to the passage of antigen. 
The sensitization of the second generation is due to the passage of antibodies 
formed in the first generation. This prevents any further transfer of the Ityper- 
sensitive state. Though hypersensitivity occurs in two successive generations, the 
phenomenon is congenital and not hereditar 3 L We believe that this phenomenon 
demonstrated in the guinea-pig is fundameiitall 3 " related to the problem of con- 
genital sensitization of the human being. Author’s Summary. 

Antibodies in the Urine After Injection of Antitoxic Globulin. J. M. 

Neill, E. L. Gaspari and J. Y. SugG, J. Immunol. 20:187, 1931. 

Tests for diphtherial antibodies were made on the urine of a child with a 
mistaken diagnosis of diphtheria who had received intramuscular injections of a 
large amount of the usual antitoxic horse globulin. The presence of the anti- 
body to the toxin was proved both bj' the capacity of the urine to neutralize the 
toxin in vitro and by in vivo neutralization of the toxin injected subcutaneouslj’^ 
into guinea-pigs several hours subsequent to intravenous injection of the urine. 
Therapeutic solutions of the diphtherial antitoxin contain not only the antibody 
to the toxin, but also an antibody of the antibacterial sort, recognizable by 
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agglutination of a degraded strain of diphtheria bacilli ; a certain amount of these 
antibacterial antibodies was also contained in the urine of the child who had 
received the therapeutic solution. No serum protein was detected in the urine 
either by the usual chemical tests or by anaphylactic tests. The failure to detect 
the globulin in the urine was not con.sidercd evidence of a separation of the anti- 
toxin from the globulin, because both the chemical and the anaphylactic tests 
proved unable to detect the globulin in dilutions of therapeutic antitoxic globulin 
equivalent in concentration of antitoxin to that in the child’s urine. 

Authors’ Summary. 


The Axaphylactogenic Action of the Protein from Filtrates of Acid- 
Fast Bacteria. J. H. Lewis and F. B. Seibert, J. Immunol. 20:201, 1931. 

The proteins isolated from filtrates of acid-fast bacterial cultures on a synthetic 
medium are actively anaphylactogcnic. By use of the anaphylactic reaction it 
can be shown that a definite antigenic relationship exists between the proteins in 
the three types of tubercle bacilli and none between the tubercle bacilli and the 
timothy bacillus. Guinea-pigs infected with human tubercle bacilli arc actively 
sensitized to the protein of tuberculin. This sensitization appears from four to 
six weeks after infection. Precipitating scrums from guinea-pigs immunized with 
the protein of tuberculin can passively sensitize normal guinea-pigs. Precipitating 
serums from tuberculous guinea-pigs are very feeble in their ability to confer 
passive sensitization, despite the high titers of their precipitins. 

Authors’ Summary. 


Anaphylactic and Tuberculin Types of Hypersensitiveness. L. Dienes, 
J. Immunol. 20:221, 1931. 

Tuberculous guinea-pigs sensitized with egg-white and also with various other 
antigens often die after intrapciitoneal injection of these substances in a pro- 
tracted shock that is similar in many respects to the shock following injection 
of tuberculin. It is of special significance that a strong hemorrhagic reaction 
develops around the tuberculous lesion. This hemorrhagic reaction is not the 
result of the special sensitiveness of the lesion; it might be present in any inflam- 
matorj" area without regard to the origin of the inflammation. The shock from 
egg-white differs in two points from that from tuberculin. The symptoms often 
develop early after the injection, and in the early phases of the reaction and in 
the slight reactions a drop in temperature is usually present. These differences 
are probablj’^ connected with the presence of the usual anaphylactic sensitiveness 
after treatment with egg-white. When the latter is associated with sensitiveness 
to tuberculin, the shock from tuberculin often presents the same temperature 
curve and early onset of symptoms as the shock from egg-white. The capacity 
to react with severe, protracted shock develops later after the treatment than 
either the tuberculin type of cutaneous sensitiveness or the anaphylaxis. We 
observed it only in actively sensitized guinea-pigs, and our attempts to transfer 
it passively remained unsuccessful. The different manifestations of the hyper- 
sensitive condition develop in a large measure independently from each other. 
The independence of the severe, protracted shock from the anaphylactic shock 
is shown also by the observation that the desensitization to the acute anaphylactic 
shock does not interfere with the development of the severe, protracted shock. 
The severe, protracted shock from egg-white and the shock from tuberculin are 
probably analogous processes, but without a more thorough understanding of the 
physiologic mechanism of the reaction this conclusion must be regarded as only 
provisory. 

Author s Summary. 
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Group-Specific Human Hemagglutinins. I. Davidsohn, J. Immunol.- 20:239, 
1931. 


It was possible in a relatively small percentage of cases to remove partly or 
completely the group agglutinogens from the human red corpuscles by the 
mechanical procedure of repeated washing and shaking witli physiologic solution 
of sodium chloride, thus confirming the results of Schuetz and Wohlisch and of 
Hallauer. It is possible to produce group-specific anti-A and anti-B immune 
serums by adsorbing the heterologous agglutinins in rabbit immune serums with 
the corpuscles A or B, respectively. By using unwashed human red blood 
corpuscles a relatively high percentage of group-specific agglutinating serums is 
obtained. Author’s Sum.marv. 


Transmission to the Third Generation or Antitoxin. J. Y. Sugg, L. V. 

Richardson and J. M. Neill, J. Immunol. 20:255, 1931. 

A guinea-pig of the second generation transmitted to its own offspring (third 
generation) small amounts of antitoxin originally derived by active immunization 
of the first generation. Previous reports of failure of transmission were probably 
due to a quantitative inadequac}" of the immunity originally transmitted to the 
females of the second generation to persist to the time of birth of the third 
generation. Authors’ Summary, 


The Influence of Hypersensitiveness to Horse Serum on the Dur<\tion 
OF Local Passive Antitoxic I.mmunity in Man, S. B. Hooker and 
E. M. Follensby, j, Immunol. 20:269, 1931. 


The duration of a local passive immunity produced by injecting scarlatinal anti- 
toxin into the skin was compared in human subjects who were separable into 
three groups according to their endermic reactivity to horse serum. Those who 
responded negatively or with a reaction of the delayed type usually retained an 
effective portion of the test dose of antitoxin for more than twenty-four hours; 
those who reacted immediately disposed of antitoxin so much more rapidly that 
in less than four hours an equally effective portion was no longer demonstrable. 
That this accelerated disposal of antitoxin is specificallj’- dependent on the allergic 
state seems highly probable; certain evidences that were not directly conformable 
to this hypothesis have been discussed. Authors’ Summary. 


Extirpation of the Antigenic Depot and Antibody Production. Edward 
F. Roberts, J. Immunol. 20:291, 1931. 

A single injection of a minute amount of antigen suffices to stimulate the 
production of antibodies. Extirpation of the site of antigenic deposition as soon 
as ten seconds after inoculation serves to diminish slightly the extent of the pro- 
duction of antibodies. The amount of antigenic stimulation afforded has an appre- 
ciable, but not proportional, effect on the extent of the production of antibodies. 
Antigen is immediately transported from its site of parenteral deposition to other 
parts of the body. The stimulus to tlie production of antibodies is the antigen 
itself, and this necessitates contact with the antibody-producing tissues. The 
initial stimulus is far more effective than are succeeding stimuli in determining 
the rate and the extent of the production of antibodies. The transmission of the 
stimulus is neither a function of the nervous system nor a reflex-like process, but 
simply the transportation of the antigen itself by way of the veins supplying 
the area inoculated. . , „ 

Author s Summary. 
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The Ultramickoscopic PuEciriTATroN Reaction in Syphilis. A. M. Malloy 
and R. L. ICmin, J. Infect. Dis. 48:243, 1931. 

Studies on the nature of the ultrainicroscopic reaction between antigenic sus- 
pension (Kahn) and syphilitic and nonsyphilitic serums led to the following results : 
The aggregates in the antigenic suspension and the precipitates in syphilitic serum 
have the same appearance under the ultramicroscopc. The molecular complexes 
of antigenic suspension seem to form the structural units in building up the pre- 
cipitates in serum. Both syphilitic and nonsyphilitic serums possess the property 
of precipitation when mixed with antigenic suspension, syphilitic serum in a marked 
degree and nonsj’philitic serum in a slight degree. When a mixture of serum and 
antigenic suspension is shaken for several minutes, the reaction is brought prac- 
tically to completion and is little affected by incubation. Without shaking, incuba- 
tion aids precipitation. Sensitized antigenic suspension and syphilitic serum give 
results similar to those with standard antigen. Nonsyphilitic serum reacts more 
with sensitized than with standard suspension. Syphilitic rabbit serums give 
the same ultrainicroscopic picture as syphilitic human serum. The same holds 
true as to nonsyphilitic rabbit scrums, except that after prolonged incubation these 
show a greater tendency toward precipitation than do nonsyphilitic human serums. 

Author’s Summary. 


The Toxin-Antitoxin Union. A. V. Stoesser, J. Infect. Dis. 48:255, 1931. 

All experiments with the watery extract of the mushroom. Amanita plialloides, 
as toxin and its immune rabbit scrum as antitoxin have given results that are 
compatible with the theory that the union with neutralization of the antigen, toxin 
and the antibody, antitoxin, is a colloidal adsorption phenomenon. This colloidal 
union is slower, but firmer, at temperatures much below that of the room, such 
as 4 C., and rapid and more dissociable at a higher temperature, such as 37 C. 
When a firm union has been formed, after a sufficient length of time has elapsed, 
the toxin and the antitoxin cannot be dissociated bj' simple dilution (with isotonic 
saline solution), regardless of the temperature at which they were permitted to 
interact. The effect of simple dilution on this adsorption union shows that in 
getting quantitative relationships between the toxin and the antitoxin, the concen- 
tration of each is probably as important as the absolute amount of each present. 
In combining with each other, toxin and antitoxin behave as colloids, but the 
specificity of this process of neutralization is not explained by present knowledge 
concerning colloids. Author’s Summary. 


Neutralization of Skin Reaction by Antimeningococcus Serums. G. 
Shwartzman, j. Infect. Dis. 48:339, 1931. 


The potency of antimeningococcus serums was measured by the phenomenon 

of local skin reactivity. The majority of serums at present applied therapeutically 

are poor in neutralizing antibodies. A prolonged period of immunization with 

toxic filtrates and live cultures proved necessary for the development of potent 

serums. Group and “variant” specificity of meningococcal toxic filtrates was 

demonstrated. i-. . , „ 

From Author s Summary. 


Brucella Abortus. R. Gwatkin, J. Infect. Dis. 48:381, 1931. 

Injections of killed suspensions, filtrates (heated and unheated), ground bacterial 
extracts and suspensions, and formaldehydized suspensions gave no evidence in 
guinea-pigs of protection to subsequent infections with living Brucella abortus. 

Edna Delves. 
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Immunity in the Lungs of Rabbits Following Immunization with Pneu- 
mococci. G. W. Stuffy, P. R. Cannon and I. S. Falk, J. Prcv. Med. 

5:97, 1931. 

The mechanism of the active immunity produced by vaccination with pneumo- 
cocci in these experiments maj' be somewhat as follows ; The disposal of the 
pneumococcal bodies by the phagocytes of the lung during the course of the 
immunization stimulates the phagocytic tissues to increased functional activit}', as 
well as to the production of increased numbers of macrophages. Antibodies are 
also probably produced locally, as well as generally, during this process. The 
later intrabronchial insufflation of living pneumococci is followed by a more active 
response of the pulmonary tissues because of the previous “sensitization” by 
vaccination. The pneumococci arc localized and destroyed within the pulmonar 3 ' 
tissues because of the increased activity and larger numbers of macrophages avail- 
able, as compared with those in the normal lung. As a part of this process, poR- 
morphonuclears may have an important role in the carlj' stages. Furthermore, 
agglomerating and opsonizing immune bodies may facilitate the more rapid removal 
of the pneumococci. The reaction is predominately cellular, although obviously 
not independent of humoral agencies. Authors’ Sum.mary. 

Immunization with Stafiiylococcus Filtiu\tes. G. M. Dack, E. O. Jordon 

and O. WooLFERT, J. Prev. Med. 5:151, 1931. 

Four human subjects fed with graduall}' increasing doses of staph 3 dococcal 
filtrates, reaching amounts of from 25 to 32 cc., appeared to acquire some tolerance 
to the poison of the particular strain used in the immunization. Heterologous 
filtrates (10 cc.) taken at the conclusion of the “immunizing” treatment produced 
no S 3 'mptoms in one subject. Two other volunteers, however, when fed respectively 
2 and 10 cc. of the filtrate of a heterologous strain, showed definite symptoms, 
which in the person receiving the larger dose were violent. A fifth subject was 
extremely sensitive to small doses of filtrate and did not acquire any tolerance. 
Rabbits given intravenous injections of gradually increasing doses of staph 3 'lococcal 
filtrates acquired tolerance both toward the staphylococcal poison of the strain used 
in immunization and toward that of a heterologous strain. Scrum from four normal 
persons, from a patient with active chronic osteomyelitis and from one with an 
old healed lesion of osteom 3 'elitis, when injected along with staplndococcal filtrate, 
did not protect rabbits against the staphylococcal poison. Serum from “immunized” 
men and rabbits did not protect monkc 3 's or rabbits when it was mixed with potent 
filtrates and injected intravenously, nor did such serum protect a human volunteer 
who swallowed it mixed with a potent filtrate. Authors’ Summary. 

Tuberculin Sensitivity in Rats. Harry Schutze and S. S. Zilva, Brit. J. 
Exper. Path. 11:489, 1930. 

Rats fed a diet deficient in fat-soluble vitamins A and D become more sensitive 
to the lethal effects of big doses of tuberculin after infection with Bacillus tuber- 
culosis, but a similar sensitivity is displayed by the tuberculous rat toward the 
toxic effects of a suspension of killed organisms of the genus Salmonella. The 
response is therefore not to be regarded as a specific one. 

Authors’ Summary. 

The Concentration of the Protective Substance in Antifoliomyelitis 
Serum. W. T. J. Morgan and R. W. Fairbrother, Brit. J. Exper. Path. 
11:512, 1930. 

From the experimental results obtained with the serum from a horse immunized 
with living poliom 3 'elitic virus, it would appear that the protein precipitated at a 
relatively low concentration of ammonium sulphate is uniform^' much more potent 
in antiviral action per unit weight of protein than that precipitated at higher con- 
centrations of this salt ; and, in conformity with this result, the protein thrown 
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out of solution by dialysis of the imnninc scrum and the scrum protein that is 
insoluble in saturated solution of sodium chloride has been shown to possess 
potent antiviral properties. The evidence indicates that in this serum there is a 
general distribution of the antibody throughout the serum proteins, since carefully 
fractionated preparations of the pscudoglobulin and albumin possess definite, 
although slight, virus-neutralizing properties. Authors’ Summ..\rv. 


The Absorption of Diphtheri.v Antitoxin. A. T. Glenny, A. G. Hamp 
and M. Llewellyn-Jones, Brit. J. Exper. Path. 12:21, 1931. 

There is a considerable difference in the total amount of antito.xin absorbed 
into the blood stream by different guinea-pigs given subcutaneous injections of 
the same amounts of serum. No conclusions can be drawn from experiments on 
a limited number of animals. There is no significant difference in the amount of 
antitoxin absorbed as between that given diluted and that given undiluted. The 
rate of absorption of antitoxin depends on the amount of protein injected com- 
pared with the weight of the animal. The amount of antitoxin absorbed in six 
liours may be reduced by the addition of a great excess of protein, to about 25 
per cent of that absorbed without such addition. The influence on the rate of 
absorption of the amount of protein injected is greatest when the latter is large 
in relation to the weight of the animal. The average concentrated therapeutic 
serum is absorbed at least as rapidly as unconcentrated serum containing the same 
number of units when small doses are injected and more rapidh' when large 
doses are given. Authors’ Summary. 


Serologicae Varieties of Typhus Fever. A. Felix and AI. Rhodes, 
J. Hyg. 31:225, 1931. 

Fletcher and Lesslar’s observations on two serologic types of tropical typhus 
have been fully confirmed. The antigenic relationsbip between the indologenous 
Bacillus protcus X 19 and the nonindologenous Kingsbury strain is of the same 
order as that obtaining between the X 19 and X 2 types of B. protcus X. The 
Kingsbury strain is an antigenic variant derived from tbe original X 19 culture 
and represents another serologic type of B. protcus X. The symbol X K is sug- 
gested for this type. Serums from persons with classic European typhus and 
from persons with the endemic typhus of the United States of America and of 
Australia have been tested for the occurrence of main and group O agglutinins 
for the known types of B. protcus X. H agglutination as a source of error in 
the diagnosis of typhus is illustrated by some examples. Serums from persons 
with the tsutsugamushi of Sumatra and Japan react with type X K like those 
from Malayans with this disease described by Fletcher and his co-workers. The 
latter reaction is of the order of group O agglutination. It is suggested that anti- 
genically the virus of tsutsugamushi corresponds to a serologic type of B. protcus 
X that is yet unknown. The data published on the reactions of the serums of 
persons with Rocky Mountain spotted fever and of persons with the “fievre 
exanthematique” of Marseilles are analyzed. It is suggested that these two dis- 
eases represent further serologic varieties of typhus. The significance hitherto 
attached to negative results in agglutination tests with B. protcus X and to those 
in cross-immunity tests obtained in some cases of typhus-like disease requires 

revision in the light of recent observations. . , 

^ Authors Summary. 


The Intracutaneous AIethod of Testing Diphtheria Toxin and Anti- 
toxin. A. T. Glenny and A'l. Llewellyn-Jones, J. Path. & Bact 34:143 
1931. 

The intracutaneous method of titrating diphtherial toxin and antitoxin is more 
convenient, rapid and accurate than the subcutaneous method. By the intra- 
cutaneous method it is possible to determine the presence of as little as %o,ooo 
unit of antitoxin in 0.1 cc. of serum. . 

Authors’ Summary. 
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L, CoTONi and N. Chambrin, 


Passive Immunity with Pneumococcus III. 

Ann. Inst. Pasteur 45:706, 1930. 

Various antigenic preparations were injected into both rabbits and horses over 
varying periods of time. Complete protocols are tabulated for the rabbits used. 
The antigens were prepared by drying the sediments from centrifugated cultures 
at 35 C., or by using alcohol-ether dried material. The injections were made by 
subcutaneous, intramuscular and intravenous routes. The animals withstood the 
injections well. The serums showed antihemolytic power, not specific for type, 
but agglutinins and precipitins were rarely noted. The protective properties were 
tested on mice bj' injecting 0.1 cc. and 0.2 cc. of serum subcutaneously, followed 
the next day by from 100 to 10,000 minimum lethal doses of fmcuitwcoccus, 
type III. Of forty-eight rabbits, variously inoculated, twenty-nine produced 
protective serum. The best results were obtained, both in rabbits and in horses, 
with small doses of dried antigen. 5_ Marshall. 


Influence of Calmette-Guerin Bacilli on Ani-mals Infected with 
Tuberculosis. I. Levitan, D. Lokhoff and V. Kosmodemianski, Ann. 
Inst. Pasteur 45:740, 1930. 

No modifications of a general tuberculous infection were noted, as compared 
with controls, in guinea-pigs and rabbits given injections of BCG (from 2 
to 19 doses), though the survival was somewhat greater. Little difference 
in the pathologic anatomy was apparent. The lesions, particularly those in the 
lymph nodes and in the liver, seemed to develop a more fibrous character in 
vaccinated animals surviving for a relativel}' long period. There was a slight 
systemic response to the injections of vaccine in tuberculous animals. 

Authors’ Conclusions. 


Immunity in Experimental Plague. 
1930. 


A. Compton, Ann. Inst. Pasteur 45:754, 


The therapeutic efficiency of scrum and of bacteriophage was studied in mice 
experimentally infected with plague. Experiments in prophylaxis were also carried 
out, in which use was made of Haffkine’s vaccine and bacteriophage, some of 
which had been treated with formaldeh)'^de and was lytically inactive. Serum in 
large doses had apparent therapeutic value, but the bacteriophage was not effective. 
However, the bacteriophage, both the normal filtrate and that treated with for- 
maldehyde, had some value as a prophylactic agent. Animals treated with one 
or two doses of bacteriophage showed in some instances a state of hypersus- 
ceptibility, but with three injections protection was good. Immunity thus estab- 
lished seemed to be antibacterial and antitoxic, and to be greater than that attained 
with Haffkine’s vaccine. Marshall. 


Nervous System and Reflexes in Immunty. S. Metalnikov, Ann. Inst. 

Pasteur 46:137, 1931. 

Certain defensive reactions occur in response to rubbing or to warming of the 
skin of previously immunized animals. On this basis, a hypothesis that immunity 
is a vital phenomenon, like digestion or respiration, is developed. To the usual 
response to bacteria, considered an adaptation, is added a reaction having its seat 
in the nervous system, considered a defensive reaction of general significance. 
Experimental observations involved the injection of heated bacteria of various 
species, followed by a study, under stimulation, of leukocytosis, agglutinins and 
degree of protection. Marshali.. 
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Purification and Concentration of Diphtherial Toxin. S. Schmidt, A. 

Hansen and K. A. Kjaer, Ann. Inst. Pasteur 46:202, 1931. 

To.xin and toxoid (anatoxin) were purified by means of aluminum hydroxide, 
with a coincident concentration of nearly a hundred times. Material so prepared 
presented good flocculation with antitoxin and had good immunizing potency in 
guinea-pigs. Trials in progress (Madsen) indicate that in man the immunizing 
power is high and the reactions arc notabl}' lower than with the standard product. 

M. S. Marshall. 


Pulverized Plague Vaccine Via the Respiratory Tract. Charles 
Nicolle, Paul Durand and Erne.st Conseil,. Arch. Inst. Pasteur de Tunis 
19:267, 1930. 


Vaccination by spraying was attempted in the outbreak of pneumonic plague 
in Tunis (from December, 1929, to January, 1930). Other methods were also 
attempted. Of 866 isolated contacts, 503 were vaccinated subcutaneously and 363 
by wa)' of the respiratory tract (50 of the latter also receiving subcutaneous 
injections). In the first group there were 6 cases and 5 deaths; in the second 
group there were 3 cases and 1 recovery. Those in the second group were con- 
sidered to have been in closer contact with cases than those in the first group. 
In a subsequent paper on the same subject, dealing with rural cases (Georges 
Villain, p. 277), it is concluded that this method of vaccination resulted in the 
rapid cure of colds or banal coryzas, and that conditions .favorable to the develop- 
ment of the plague bacillus might be suppressed. g Marshall 


Serum Prophylaxis in Measles. Charles Anderson and F. Gerard, Arch. 

Inst. Pasteur de Tunis 19:435, 1930. 

Following the principles implied in the idea of local immunization, persons 
who had come in contact with patients with measles but who had not previously 
had the disease were treated thrice daily by a drop of convalescent serum in each 
eye. Although only thirty patients are reported on thus far, all of those treated 
in this way escaped the disease, whereas measles developed in other contacts within 
the usual period. S. Marshall. 


The Rieckenberg Reaction. S. Inoue, Zentralbl. f. Bakt. (Abt. 1) 117:80, 1930. 

The Rieckenberg reaction, which manifests itself in the adhesion of blood 
platelets to spirochetes in the presence of their immune serum, was studied in 
detail. With Spirochacta duttoni it may be obtained at the temperature of the 
room, reaching its maximum in from twenty to thirty minutes, is only obtained 
with living, motile spirochetes, and can be secured with bacteria and granules 
of ink, as well as with platelets, tliese all serving merely as indicators of increased 
adhesiveness of the spirochetes as influenced by the immune body. The latter is 
in the serum, as well as in the plasma, is destroyed by heating at 72 C. for thirty 
minutes, is strongly specific, is formed by the injection of killed spirochetes and 
can be demonstrated in the fetuses of an immune mother. By this reaction, in 
combination with agglutination,' etc., 3". icteroides (Noguchi) was found to be 
identical with S. icterohaemorrhagiae. In the serums of five patients ill of Weil’s 
disease, the Rieckenberg reaction occurred with 6 ". icterohaemorrhagiae seven days 
after the beginning of the illness and again five months later. 

Paul R. Cannon. 
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Tumors 

Salting Out of the Agent of Chicken Tumok with the Globulin of 
Filtrates. M. R. Lewis and W. AIendelsohn, Am. J. Hyg. 12:686, 1930. 

It is evident that in tumor extract the virus itself may be of a globulin nature 
or it may become attached to the precipitated particles of globulin. If the latter, 
the virus is not fixed to the globulin but can be released in the tissue of the chicken 
and there bring about the growth of a tumor. Isolation of the virus will depend 
largely on the elucidation of the problem as to which type of union exists between 
the virus and the globulin. Authors' Sum.mary. 

Intramedullary Tumors of the Spinal Cord. James W. Kernohan, 
Henry W. Woltman and Ai.fred W. Adson, Arch. Neurol. & Psychiat. 
25:679, 1931. 

The tendency to classify the tumors of the central nerv'ous systems, -especially 
the glioma group, according to the type of embryonic cells they contain and their 
evolution was mainly directed toward the brain tissues. Tumors of the spinal 
cord were much less studied along these lines, for they are rarer. Kernohan, 
Woltman and Adson had the unusual opportunity to study such tumors and 
classify them according to the latest standards. Of a total of ninety-one intra- 
medullary tumors, it was possible to study microscopically fifty-one cases. The 
conclusion the authors arrived at is that the tumors of the spinal cord in no 
w'ay differ from such tiimgrs in the brain ; that is, the types of tumors found in the 
spinal cord are the same as those present in the brain. The exception is spongio- 
blastoma multiforme which is rare in the spinal cord. 

The tumors found were : astroblastoma, medulloblastoma, hemangioblastoma 
and ganglioneuroma, and one tumor classified as fibroma, one as lipoma and one 
as tuberculoma. In five cases a syringomyelia was associated with the following 
intramedullary tumors : one hemangioblastoma, two ependymomas, one medullo- 
blastoma and one oligodendroglioma. In three cases gliomas were present in the 
subarachnoid space. B. Hassin. 

Primary AIelanoblastosis of the Leptomeninges and Brain. Frederic J. 
Farnell and Joseph H. Globus, Arch. Neurol. & Psychiat. 25:803, 1931. 

A boy, aged 16, suffered for six months from repeated epileptiform attacks, 
headaches and fainting spells. When in the hospital he also vomited, developed 
drowsiness and had a temperature of 101 F. The spinal fluid was xanthochromic, 
contained six cells per cubic millimeter and gave a negative Wassermann reaction. 
Afany pigmented nodes were seen on the trunk and legs. The fundus, pupils and 
the cranial nerves in general were normal, excepting a right supranuclear facial 
weakness ; the tendon reflexes in the lower extremities were diminished, but a 
bilateral clonus was present; the Babinski sign was absent. During the following 
weeks the patient grew worse ; the reflexes and the clonuses gradually disappeared, 
the cranial nerves become markedl}" involved fall the branches of the facial 
became paralyzed), the convulsions grew more frequent, and forty hours before 
death, a swelling of the disks began to show. Necropsy revealed grossly thickened 
meninges filled with black pigmented tumor cells over the ventral surface of both 
cerebellar lobes, pons, medulla and spinal cord, extending cephalad as far as 
the chiasm; in the meninges the cells somewhat resembled chromatophores. They 
most likely invaded the brain tissues secondaril}'. Other tumor cells were devoid 
of pigment; they were epitheliod or spindle shaped, resembling a sarcoma. Addi- 
tional phenomena were cytoplasmic macroglia, and microglia, enclosing melanin, 
marked vacuolization of the brain and a hydrocephalus because of'obliteration of the 
pontile and the interpeduncular cisterns. No tumor masses were present elsewhere 
m the body. The authors consider their case an instance of a primary melano- 
blastosis of the central nervous system, regardless of the presence in their patient 

of numerous nodes over the trunk and legs. n tt 

George B. Hassin. 
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Malignant Lymphoid Hyperplasia in Mice. Florence A'IcCoy Hill, 

J. Cancer Research 14:325, 1930. 

Of 216 mice, 134 showed various forms of malignant hyperplasia regarded 
as leukemia, pseudoleukemia, lymphosarcoma and tlodgkin’s disease. Judging from 
widespread invasion of organs and tissues and the destruction of normal architec- 
ture, these different forms were regarded as malignant. In all of these varieties 
several stages in the differentiation of the granular and nongranular cells of the 
blood existed side by side. It is believed that all these diseases form one single 
group. The growths arise from the unrestrained multiplication of a primitive 
cell, and the multiform appearances that are assumed later result from the 
secondary differentiation. The primitive cell behind all these varieties is the 
free reticular cell, from which all white blood cells are probably derived. 

B. M. Fried. 

The Serological Dlvgnosis of Cancer. W. M. Wright and C. G. L. Wole 

J. Cancer Research 14:370, 1930. 

The authors were able to confirm the results of Fuchs in the diagnosis of a 
malignant condition on the basis of the action of serum from patients with cancer 
on normal fibrin. The test appears to follow Schutz’s law. The reaction increases 
in velocity up to 45 C. and stops at 56 C. It is, within certain limits, dependent 
on the amount of substrates used. Other proteins of the blood cannot be utilized, 
but washed muscle suitablj' treated can be used instead of fibrin though this 
product loses its characteristics on standing much more easily than does fibrin 
itself. No cases diagnosed clinically as malignant have so far fallen into the 
group of cases giving a negative reaction. An alternative method of following 
the reaction by alcohol titration of the products of proteolysis is described. 

B. M. Fried. 

Effect of Radiation ok Blood Cholesterol in Malignant Disease. 

W. L. Mattick and M. C. Reinhard, J. Cancer Research 14:426, 1930. 

Cholesterol content of the blood of twenty-five patients with cancer was 
determined before and after irradiation with high voltage x-rays at one half 
hour intervals over a period of three hours, thus supplementing a previous study 
on the blood of thirty-six patients with cancer. The authors could not notice 
any characteristic change in the cholesterol level in the whole blood of the cases 
studied in the three hour period. It is concluded that high voltage X or gamma 
radiation causes a decrease in the cholesterol content of blood from the pre- 
irradiation level and that this seems to constitute its most characteristic effect 

on this blood constituent. _ t.,. „ 

B. M. Fried. 

The Detection of Small Quantities of Lead in the Tissues. Francis 

Carter Wood, J. Cancer Research 14:476, 1930. 

Lead, either in the colloidal state or as an organic compound, when injected 
intravenously, can be demonstrated by a suitable technic in both inoculated and 

spontaneous tumors in animals. „ _ 

B. M. Fried. 

The Influence of Suprarenalin (Epinephrin) on the Growth of 

Carcinoma and Sarcoma in Animals. K. ,Sugiura and S. R. Benedict, 

J. Cancer Research 14:487, 1930. 

^ Reicher, in 1910, and some other workers produced evidences to show that the 
injection of epinephrine in the neighborhood of rat sarcoma and mouse carcinoma 
caused a central necrosis and subsequent destruction of these tumors. Su"-iura 
and Benedict after a preliminary study of the toxicity of epinephrine on the 
Flexner-Jobling rat carcinoma and the Rous chicken sarcoma found that the 
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development of small tumors in animals is completely inhibited by repeated intra- 
tumoral injections of epinephrine, while large tumors are seldom beneficially 
affected by repeated injections. The repeated subcutaneous injection of this 
substance at a remote point does not affect the growth of rat • carcinoma and 
chicken sarcoma. In vitro experiments have shown that epinephrine partially 
inhibits the proliferating ability of the Flcxner-Jobling tumor whereas the Rous 
sarcoma remains unaffected. The authors state that if there is any possible 
therapeutic value of epinephrine for the treatment of cancer it is limited to local 
application. 


The Effect of the Internal Secretions Upon the Division Energy of 
Paramecia. G. L. Rohdenrurg, J. Cancer Research 14:509, 1930. 


Spleen, liver, thymus, adrenal and testes act as a stimulant on the division 
energy of Paramecia; thyroxin, insulin, pituitary and parathyroid inhibit its 
division. The ovary has no influence. g 


The Effect of IrradiaiV,d Ergosterol and Increased Calcium on Growth 
OF Tumor Tissue. Alfred Goerner, J. Cancer Research 14:545, 1930. 

Goerner studied the effect of irradiated ergosterol on the rate of growth of 
Flexner rat carcinoma and on the deposition of calcium in the tumor. The results 
obtained show that there is no difference in rate of tumor growth in the treated 
and untreated groups of animals. There likewise was no difference in the deposi- 
tion of calcium in the tumors of the treated and untreated groups of animals, nor 


a difference in the ash content of tumors of the two series. 


B. M. Fried. 


The Statistics in New York State for the Four-Year Period 1925-1928. 
John M. Swan, J. Cancer Research 14:548, 1930. 

Cancer is increasing in the state of New York, exclusive of New York City, 
but not in a constant ratio. In fact, in the last year the increase was definitely 
lower than that of the year before. 

If there are 7,000 deaths from cancer annually in the state of New York, 
there must be about 21,000 cases of cancer in the state all the time, assuming that 
the average life of the patient with cancer is three years. 

As a rule, in those communities in which cancer is looked on as a problem 
capable of solution, or at least of improvement, the death rate tends to be lower 
than in those communities in which this is not the case. 

Educational activities are called for both for the medical profession and the 
laity throughout the state, particularly in the rural communities. 

If we are able to get the physician and the layman to look on cancer as a 
problem to be solved, instead of as a hopeless situation, further improvement may 
be expected. Author’s Summary. 

Carbohydrate Tolerance and Alkalosis in Malignant Disease. Pauline 
Beregoff, j. Cancer Research 14:559, 1930. 

The purpose of this investigation was to observe the alterations in the blood 
chemistry associated with malignant disease and to determine the value of such 
changes in the diagnosis of human cancer. 

The study was made on 281 patients with cancer, the ages of the patients 
ranging between 28 and 68 years. The investigation has shown that all blood 
specimens of patients with cancer exhibit a positive carbohydrate curve and a 
tendency to alkalosis. However, positive carbohydrate curves were obtained in 
other pathologic conditions such as hyperthjmoidism, acromegalia and diabetes, 
but in these diseases no alkalosis was demonstrable. As an indication of the 
presence of malignant disease a positive carbohj'drate curve is significant only in 
the presence of alkalosis. It would appear that the carbohydrate tolerance test 
and the hydrogen ion concentration are of greater value in eliminating the presence 
of malignant disease than of proving its existence. 

B. M. Fried. 
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The Life History of the Female Mammary Gland in Two Strains of 
Albino Mice. Lydia M. Gibson, J. Cancer Research 14:570, 1930. 

Since the nionsc is used extensively in cancer research, and since cancer of 
tlie maniniary gland is a well recognized entity in certain strains of mice, a 
comparative study of this organ was made. For that purpose two strains of mice 
were investigated ; one showing a low incidence of mammary cancer in the females, 
and the other showing a high incidence. The study has shown that in the strain 
with a high incidence of mammary cancer the nipple zone in the embryo has a 
tcndwicy to develop faster than that of the control strain. It is likewise inclined 
>ib show anomalies in the development of the nipple whereas the control strain has 
a tendency to have the mammary gland involute and fibrose in an orderly fashion as 
age advances. In the group with a high incidence of cancer the epithelial elements 
of the gland arc inclined to metaplasia as age advances. The neoplasms develop 
in zones of chronic cystic mastitis. Author’s Summary. 


The Oncogenic Factor in the Bi.ood and the Organs of .A.ni.mals with 
Inoculation Tumors. T. Anardi, Tumori 16:401, 1930. 

Normal rats were injected with the scrum, the red corpuscles and emulsion of 
organs of animals that had been previously inoculated with tumor emulsion and of 
tumor-bearing rats whose tumor had been removed. It was shown that the trans- 
mission of tumors through the blood and the organs of animals with tumors 
depended on the neoplastic cells that could be found in the circulation and the 
parenchyma of the organs. Emmerich Haam. 


Action of Magnesium on the Adenocarcinoma of the Rat. A. Bolaffi, 
Tumori 16:420, 1930. 


Neither the iodide, chloride or the phosiihate of magnesium had any effect in 
the development of inoculation tumor in rats. The magnesium ion had no value 
in the treatment of cancer. Emmerich Haam. 


Xanthoprotein, Lipoids and Dextrose in the Blood Seru.m of Persons 
with Cancer. F. Benso, Tumori 16:425, 1930. 

The substances giving the xanthoprotein reaction are not increased in the serum 
of patients with malignant tumors. The lipoid substances are increased in 
cancer serum but become normal after the tumor is removed. The dextrose 
curve shows a marked difference consisting in a rapid increase and a slow decrease. 
Removal of the tumor turns the curve toward normal. Emmerich Haam 


Soil and Drinking Water in Relationship to Malignant Tumors in 
Italy. A. M. Bonanno and L. di Cortemiglia, Tumori 16:433, 1930. 

The varjdng development of sanitation in the various regions, the high child 

mortality and deaths from syphilis and alcoholism make the study difficult. Any 

influence of cosmic rays, of geologic constitution and of drinking water in the 

distribution of malignant tumors is denied. xr 

Emmerich Haam. 


Primary Sarcoma of the Pancreas. M. Tciierepnina, Centrabl. f. allg. Path, 
u. path. Anat. 50:50, 1930. 

In addition to its rarity (Gruber has found only fifty primary sarcomas of 
the pancreas in the world literature), the tumor herein mentioned was of interest 
because of the conditions associated with it. The tumor of the head of the pancreas 
was the size of an orange and was surrounded by adhesions; it apparently began 
in a markedly cirrhotic pancreas. It was of the polymorphocellular variety, and 
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by extension along Wirsung’s duct formed a polyp-like projection in the lumen of 
the duodenum. The liver was the site of an atrophic cirrhosis, and because of this, 
jaundice and ascites formed the background of the clinical picture. In attempting 
to link the various disease processes encountered, Tchcrepnina considered inflam- 
mation of the pancreatic ducts primary, evcntuallj’^ leading to submucosal sclerosis 
and motor and secretory disturbances. The latter allow of toxic decomposition 
products in the intestinal tract, and these eventually injure the liver when brought 
there in the portal venous blood. Rukstinat. 

Mice as Indicators of Carcinogenic Noxae. O. Teutsciilander, Deutsche 
med. Wchnschr. 56:2166, 1930. 

A mouse, caught in a briquet factory, presented numerous squamous cell 
carcinomas and warts. The growths resembled the pitch warts and pitch cancers 
observed in some of the workers in the factory. There was pitch dust in the fur 
of the mouse. The spontaneous cancer in the mouse is regarded as evidence of the 
presence of “carcinogenic noxae” in the factory. It is suggested that mice should 
be kept in certain factories and other places for the purpose of acting as indicators 
of the presence of carcinogenic factors. 


Medicolegal Pathology 

Acute Phosphorus Poisoning. Eleanor M. Humphreys and Bela Halpert, 
Am. J. Dis. Child. 41:354, 1931. 

The risk of acute phosphorus poisoning has been decreased, but not eliminated, 
by the prohibition of the manufacture and sale of j'cllow phosphorus matches. 
The ingestion of fireworks containing phosphorus is a cause of acute phosphorus 
poisoning in children. A case of fatal phosphorus poisoning in a year old boy, 
traced to this source, is described. A review of the literature reveals twelve other 
cases. There is evidence that this figure does not give a true idea of the frequency 
of phosphorus poisoning caused by fireworks. The commonly implicated agent is 
a single type of fireworks variously known as “Son-of-a-Gun,” “Devil-on-the-Walk” 
and Spit-Devil. Authors’ Summary. 


Grave Anemia in Pregnant Women from Benzene Intoxication. AI. A. 
Brendeau, Ann. d. med. leg. 11:95, 1931. 


Two women in the fifth month of pregnancy with marked anemia were employed 
in the same printing establishment and used xylene to clean type. One recovered 
after hysterectomy and transfusions of blood, and the other died following the 
same treatment. Chemical analysis of the xjdene used revealed metaxylene and 
other toxic substances. ^ Bryant 


Lucid Interval Before Death After Two Cranial Injuries. AIutel and 
Durand, Ann. de med. leg. 11:121, 1931. 


The literature is reviewed, three clinical reports are abstracted and a complete 
report is made on two patients who died from double cranial injuries with 
intervals of apparent health between the traumas. ^ Bryant 


The Significance of the Thymic and Tiiymicolymphatic Status in Legal 
Medicine. Wiktor Grzywo-Dabrowski, Ann. de med. leg. 11:128, 1931. 

Persistent thymus occurs in healthy persons as old as from 25 to 35 3 'ears 
of age. It is not a predisposing factor to sudden death. This statement applies 
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also to the thyniicolynipliatic state. There is no objective proof that this state, or 
that a persistent thymus, influences tlie constitution. The thymus is no longer 
in those committing suicide than in those who die suddenly from other causes. 

From Author’s Summary. 

Medicolegal Significance of Epidemic Encepiiai.itis. Georg Stiefler, 

Deutsche Ztschr. f. d. ges. gerichtl. Med. 16:227, 1931. 

Criminal tendencies, particularly various sexual offenses, during the postenceph- 
alitic stages are the result of psychopathic manifestations and changes in the psychic 
constitution. Fourteen cases are mentioned, in which criminal actions, mostly 
erotic, were committed by the .so-called encephalitic delinquent. Suicide and 
suicidal attempts and tendencies are also prevalent during the postencephalitic 
stages. The author discusses the practically important question of marriage of 
the encephalitic person, especially the validitj' of such a marriage if contracted 
during the stage of apparent latency, motivated by a definite exaggerated erotic 
impulse. In instances of accidental injuries involving a postencephalitic patient, 
one has to consider whether the disease of itself produced or directly contributed 
to the accident. ■ j _ Miloslavich. 

Late Complications or Poisoning by Aniline or Similar Substances. 

Angelo Bonzanigo, Deutsche Ztschr. f. d. ges. gerichtl. Med. 16:242, 1931. 

Peculiar, transitory attacks of weakness in connection with dimming and 
blurring of vision, but without loss of consciousness, are a typical sequel of aniline 
poisoning and of dia_gnostic importance, but do not signify any permanent disturbance 
of health. Following nitrobenzol poisoning damages to the heart, various cardiac 
symptoms and disturbances arc more prevalent and more pronounced and often 
of longer duration than after aniline poisoning. In poisonings with some other 
nitrobenzene compounds, gastro-intestinal complaints (anacidity) are marked. 
Poisonings with derivatives of toluene produce symptoms similar to those observed 
in aniline and nitrobenzene poisonings. A questionable case of retrobulbar neuritis 
following industrial benzene poisoning is briefly mentioned, as a report of a 
similar case was published in 1921 by Perlia. The industrial poisonings with 
aniline, nitrobenzene and similar substances may be followed by some functional 
disturbances that are strikingly similar to neurasthenia or neurosis. 

E. L. Miloslavich. 

Dermographic Examinations of Dead Bodies. G. Schrader, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 16:256, 1931. 

The author continued the studies of Bcttmann (Deutsche Ztschr., j. d. ges. 
gerichtl. Med. 15:1, 1930), using his original technic, on a large scale, particularly 
with reference to the determination of the time of death. His conclusion is that 
the dermographic method does not yield any practical results in this respect. 

E. L. Miloslavich. 


Interpretation of Blood Stains. K. Walcher, Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 16:272, 1931. 

The form, size and character of blood spots and their relation to each other 
may indicate the origin, the distance and the direction from which they came. In 
instances of penetrating injuries to the head, the blood spots may contain particles 
of brain, perhaps microscopic in size. Expectoration of foamy blood, as observed 
in cases of injuries to the lung, of aspiration of blood in basal fractures of the 
skull, etc., particularly if expectorated during coughing spells, leads to formation 
of blood bubbles on surrounding objects. When such a bubble dries, it leaves 
a ring of blood, while the center of the bubble, consisting of air, dries out 
completely. 

E. L. Miloslavich. 
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Inheritance of Blood Groups. S. S. Sakolotny, Deutsche Ztsclir. {. cl. ges. 
gerichtl. Med. 16:277, 1931. 

Investigations made on subjects native to southeast Russia prove the validity 
of the Bernstein theory. The practical application and medicolegal significance of 
blood grouping in cases of questionable paternity (mater semper certa est, pater 
incertus) are discussed. l. Miloslavich. 


Two Cases of Sudden Death Due to Syphilis of Respiratory Organs. 
R. PoHL, Deutsche Ztschr. f. d. ges. gerichtl. Med. 16:283, 1931. 

The first case involved a 45 year old robust woman whose sudden death while 
swimming was caused by a large hemorrhage within the left thoracic cavity from 
a ruptured syphilitic aneurysm of the pulmonary artery, which had developed within 
the upper lobe of the left lung. In the second instance, a 43 year old carpenter 
was found dead in bed, and the autopsy revealed an acute edema of the glottis 
and larynx due to a diffuse gummatous infiltration of the entire larynx. The 
aorta and the suprarenal glands also showed syphilitic changes. 

E. L. jMiloslavich. 

Experimental Studies of the High Pi.unge Into Water. Ferdinand 
von Neureiter, Deutsche Ztschr. f. d. ges. gerichtl. Med. 16:305, 1931. 

Theoretical studies and practical experience prove that a plunge from a great 
height into water will cause, owing to rebounding of the body on the surface of 
the water, fractures of the bones and other severe internal injuries, similarly to 
a high fall onto solid ground. Under certain circumstances, ’ the surface of the 
water may act like an intense, blunt violence, viz., like a wide, flat and forceful 

E. L. Miloslavich. 


Accidental Injuries by Ei-ectrical Currents. F. Pietrusky, Deutsche 
Ztschr. f. d. ges. gerichtl. Med, 16:313, 1931. 

In the last seven or eight years, 232 of 439 electrical accidents suffered by 
agricultural workers ended fatally. In 98 instances death was caused by a current 
of 220 volts and involved chiefly persons in the third decade of life. Currents 
of up to 500 volts killed 86 persons. In one case the electrical burn was complicated 
by lethal tetanus. About one year after an electrical accident involving a 24 
year old man an amyotrophic lateral sclerosis developed which caused his death. 
Irregularity of the action of the heart, fibrillation and absence of patellar and 
plantar reflexes were observed as sequelae of an electrical shock in a 46 year 
old worker. Cardiac symptoms, such as bradycardia, tachycardia, arrhythmia, 
cardiac pain and myocardial weakness, are not uncommon following electrical 
injuries. In the majority of cases unconsciousness occurs rapidly and is followed 
by death shortly after. Of 204 workers w'ho survived the accident, 134 showed 
more or less severe disabilities. In one case a plexus neuritis of the injured 
arm persisted for a year. Several times organic paralysis of the affected extremity 
developed. Peculiar psjxhic disturbances are not uncommon. In 103 cases of 
injury by high voltage, electrical cataract was observed seven times. In all of 
these cases the burns were more or less severe, and in 39 cases amputations were 
necessary. Interesting is the observation concerning the development of “electrical 
edema” in the affected extremity, a condition that was encountered in 11 instances. 
The cause of such an edema is not well understood. It seems that a spasm of 
the vessels and an abnormal permeability of their walls may be the reason. In 
other cases paralysis of the blood vessels, -with damages to the wall of the vessel, 
form the main cause, but occasionally thrombosis may be the underlying factor. 
However, the edema, as a rule, disappears rapidly and persists rarely. Electrical 
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shock produces apparent death; therefore artificial resuscitation for a longer period 
of time is indispensable. If a sudden, powerful irritation produces an abrupt 
cessation of the action of the heart and of respiratory function, an artificial 
resuscitation at the right time will undoubtedly again revive these vital functions, 
since ganglion cells, the most delicate structures, regain their function up to twelve 
minutes after being deprived of blood supple Since vomiting occurs during the 
stage of unconsciousness, one has to consider that there may be a mechanical 
obstruction of the upper respiratory tubes. A lumbar puncture is appropriate in 


instances of intracranial pressure (cerebral edema). 


E. L. Miloslavich. 


Injuries to the Head isy Bi.unt Force. Georg Strassmann, Deutsche 
Ztschr. f. d. ges. gcrichtl. Med. 16:327, 1931. 


Traumatic hemorrhages in tiie depth of the white matter of the brain occur 
in the direction of tlie blow, which deforms the skull at the point of impact, 
leading to a sudden change in cranial volume, thereby crushing the brain substance ; 
the wave of force ends on the opposite, contrecoup, side. Deep-seated traumatic 
iiemorrhages of the brain 'are therefore always found in the direction of the action 
of the blunt injury and are common. Smaller hemorrhages that appear some time 
after the concussion of the brain occur on account of an abnormal irritability of 
the blood vessels due to the concussion, and disturbances of circulation, stasis and 
diapedesis with subsequent necrosis of the brain substance may follow. Post- 
traumatic apoplexy is a rare occurrence, and the great majority of the observed 
cases have been simple apoplexies. Pneumonic involvement of the lungs often 
rapidly follows injuries to the head. Purulent meningitis developed in six cases 
of injuries to tlie head by blunt force, and in each instance a fracture of the base 


of the skull was found. The traumatic meningitis caused death in three cases 
within two days after the injury, in two cases in five and eight days, respectively, 
and in one instance forty daj's after the accident. In only two of ninety-one 
cases of injuries to the head with concomitant hemorrhages of the brain was the 


skull found intact. 


E. L. Miloslavich. 


Death Following Boxing Match. Wai.demar Weimann, Deutsche Ztschr. 
f. d. ges. gerichtl. Med. 16:341, 1931. 

In 1928, Wolff published {Deutsche Ztschr. /. d. ges. gcrichtl. Med. 12:392, 
1928) a review of the literature on this subject. In ten of his cases death was 
caused by injuries to the head : in two instances a fracture of the skull was 
found, in seven cases there was a subdural hematoma, and in one case that ended 
lethally several months afterward there was hemorrhagic pachymeningitis.- 
Weimann adds a new case, that of a 15 j'ear old boy who died about half an 
hour after a blow on the chin in a boxing match. The autopsy disclosed an evenly 
distributed subdural hemorrhage, but no fracture of the skull or injuries to the 
brain. The subdural hematoma is' a common cause of death in boxing. 

E. L. Miloslavich. 

Atypical Gunshot Wounds of the Skull. Waldemar Weimann, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 16:345, 1931. 

In a case in which the bullet enters the cranial bone at a sharp angle, an 
atypical perforation of the skull may be observed. In sucb an instance, the external 
table may be raised in splinters by the penetrating bullet, producing a crater- 
like, funnel-shaped hole, its wall slanting outward, thus closely resembling a bullet 
outlet. Several pictures illustrate this mechanism clearly. 

E. L. Miloslavich. 
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Histopatiiology of Sodium Hydroxide Poisonixg. L. Jankovich, Deutsche 
Ztschr. f. d. ges. gerichll. Med. 16:352, 1931. 

The course of sodium hydroxide poisoning cannot be divided into certain stages 
that follow one another as in most other pathologic processes; various stages of 
the changes in the tissues are found concomitantly; for example, necrotic areas 

are often seen surrounded by granulation tissue. In instances of severe sodium 

liydroxidc poisoning, the following picture is commonlj' observed ; During the 

first few days after the poisoning, the eschars detach, but rarely mechanically. 

The inflammatory demarcation starts after a few hours and continues until it 
reaches its full development at the end of the first week. Then follows, between 
the seventh and the ninth days, an almost complete separation of the necrotic 
tissue; at this time large ulcerations appear. But small necrotic areas may be 

seen sloughing even to the end of the fourth or the fifth week. During the third 

or fourth week, the ulcers may become inflamed, delaying their healing for two 
months or more. In the second week, granulation tissue surrounds the ulcers 
and the larger defects, and a few days later fibroblasts and even fibrils of con- 
nective tissue develop. Fibrillar connective tissue is found in the third week, and 
fibrous scar tissue at the end of the fourth week. The strictures of the esophagus 
during the first two weeks are only spastic or inflammatory; real strictures oceur 

after this period of time. A final healing of the ulcerous process may be pro- 

longed for months, and a complete epithelization may fail to develop until years 
afterward. The delaj' in the healing process depends not only on the depth 
of the corrosive penetration, the extent of the formation of the ulcer and the 
emaciation of the patient, but also on the increasing obliteration of the small blood 

vessels near the uleers. i- t 

H. L. IMiGosLAVicn. 


Detectio.v of Ar.coHor. at Autopsy. Otto .Schmidt, Deutsche Ztschr. f. d. 
ges. gerichtl. Med. 16:373, 1931. 

A new simple qualitative test for the purpose of ascertaining rapidly during 
postmortem examination whether or not alcohol is present in the body is described. 
The test is based on reduction of an alkaline potassium permanganate solution by 
alcoholic vapors. The red color of permanganate turns green, and then a brown 
sediment of manganese dio.xidc appears. The test is sensitive and will detect 


alcohol in solutions of 1 : 20,000. 


E. L. Mii.osi.avich. 


Insui.in Poisoning as a Cause of an Automobiue Accident. J. Fog and 
Max Schmidt, Deutsche Ztschr. f. d. ges. gerichtl. Aled. 16:376, 1931. 

A 25 year old chauflFeur who had been treated for a long time with insulin 
because of diabetes mellitus collided, for no explainable reason, with a truck. He 
was completely confused mentall}- and showed intermittent aphasia and agraphia 
and alexia. The blood sugar was 0.075 per cent. In other instances of insulin 
poisoning, cerebral symptoms, such as epileptiform convulsions, diplopia and hemi- 
plegia, are not uncommon. The question is raised as to whether a diabetic patient 
under treatment with insulin should be allowed to drive an automobile, since .Sonne 
nroved that about 96 per cent of patients using insulin are subject to attacks of 
insulin poisoning sooner or later. j, AIiloslavich. 


Rape and Deformity of Male Sexuau Organs. A. Sciiackwitz, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 16:384, 1931. 


A charge of rape on a 14 year old girl was brought against a man who was 
suffering with an anatomically peculiar deformity of the penis due to a bilateral 
inguinal hernia, with secondary inflammatory changes and marked edema. The 
physical examination, which is described in every detail, proved that sexual inter- 
course could not and did not occur. c „ t 

E. L. AIiloslavich. 
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A Case of Congenital Absence of One Kidney, with Urethrorectal 

Fistula, Urethral Stone and Concomitant Measles. Lawrence W. 

Smith. 

A case presenting relatively unusual urogenital anomalies and concomitant 
measles is reported through the kindness of Dr. Meredith F. Campbell, Dr. John 
D. Lyttle and Dr. Jerome AI. Kohn. No strictly comparable case has been found 
in the literature. A boy of 5 years had passed fecal material in the urine from 
birth. At 10 months of age he had been operated on for stone in the bladder, 
and a persistent p}'uria had developed, with digestive disturbance and malnutrition. 
He was again operated on for vesical stone si.x months before the present admission. 
There were found a urethrorectal- fistula with fecal mucopus and two stones in 
the bladder, a normal right renal pelvis and a left ureter that became lost in the 
large globular shadow of the colon. There was likewise a partial stricture of 
the rectum. Treatment was directed at clearing up the urinary infection so that 
operative measures could be attempted, when the boy developed tj-pical measles. 
This passed uneventfully, and then suddenly signs of meningeal irritation and 
uremia appeared, with nonprotein nitrogen of 85 mg., and leukocytosis of 38,000, 
but a normal spinal fluid, except for slightly increased pressure. The patient died 
within twelve hours. 

Post mortem were found urethrorectal fistula, urethral stone, vesical stones, 
chronic C3'stitis, chronic pyelitis (right), left renal aplasia, anomalous left ureter, 
megarectum, chronic proctitis, rectal stricture, terminal bronchopneumonia and 
edema of the brain. A review of the embrjmlogy explains the probable develop- 
ment of the anomalies of the urinarj'^ tract. The literature contains about 400 cases 
of renal aplasia, and no cases were noted with the combination of the lesions found. 

DISCUSSION 

H. S. Jeck (by invitation) : This is a unique case. I have never observed a 
recto-urethral fistula of congenital origin, to saj’ nothing of the missing kidney. I 
have seen only two cases that I believe were cases of congenital absence of one 
kidney. Some ten years ago I operated on a man about 45 j^ears of age, with 
a diagnosis of tuberculosis of the left kidnejL When the left renal region was 
exposed, a careful search failed to reveal the kidnej% ureter or renal vessels. At 
the present time there is a patient in the Cornell Clinic who evidently has no left 
kidney. Repeated cystoscopic examinations, three attempted intravenous pyelograms 
and roentgen examination have failed to reveal a kidney or a ureter on the left 
side. I think the case presented is another reminder to look for a kidney that 
is capable of sustaining life, before removing a diseased kidney. 

Meredith F. Campbell (by invitation) : I thought urograms of the case 
would be of interest. The first shows the shadow of the two stones, estimated 
to be about 1 cm. in diameter, lodged in the posterior urethra. The second, a 
cystogram, shows a small, contracted bladder, pushed to the right by an enormously 
dilated rectum. There is also an enormous dilatation of the posterior urethra, 
where the stones are lodged. The third picture is of the gastro-intestinal roentgen 
series, showing the enormous rectum and the infundibular contraction of the rectum 
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at the site of the stricture. From the fourth picture the urographic diagnosis of 
solitarj'- kidney was made. Here a catheter had been inserted to the right kidney 
and a second catheter passed through the fistula in the urethra into the rectum. 
Twelve per cent sodium iodide was injected through both catheters, and the outline 
of the right kidney and the enormously enlarged rectum were demonstrated. At 
the time of cystoscopy there was an intense C3'stitis, and when the orifice on the 
left side was found impassable, a large dose of indigocarmine was given, which 
appeared in normal concentration and in normal time from the right kidnej', but 
which did not appear from the left side, nor in the rectum. 

An operation to attempt the closure of the fistula was anticipated, but measles 
developed. 

A couple of years ago I reported a scries of nine cases of solitarj' kidney from 
the Urological Service of Bellevue Hospital, one of these being a clinical case, 
and eight, cases that came to autopsj'. These eight cases occurred in 13,000 
autopsies. Why the left kidney was so frequently absent I do not know, but the 
ratio of 3 : 1 was borne out in these studies. 

Jerome L. Koii.v : 'While this case may be of special interest because of the 
urologic findings, it is of equal interest on account of the measles. This was a 
case of mild measles with sudden death without pulmonary complication. Patients 
djdng of measles can be divided into two groups : First : those who are very ill 
from the onset and who die within a few days. This t 3 -pe of measles, of course, 
occurs in regions where there never has been ain- measles or where there has been 
none for a long time. Dr. Denton described cases of this type in the Canal Zone. 
Second : patients who have e.xtensive pulmonary infiltrations and who rarely die 
before the tenth day after the onset of S 3 'mptoms. I cannot entirely agree that the 
pulmonar 3 ’’ changes were terminal. The lungs showed the usual peribronchial 
infiltration found in necropsies in cases of measles. A careful study of the lung 
in this case might give a clue to whether the pulmonary changes in measles are 
caused by the measles virus or are due to secondary infection. Clinically the 
child had no pneumonia. 

C.\xcER OF THE Thyroid Ge.v.nd. PIoward M. Ci-UTE and Shields Warren 
( by invitation). 

The material for this study consists of all cases of malignant tumors of the 
thyroid gland in the Lahey Clinic, Boston, from 1916 to Jan. 1, 1930, inclusive. 
This includes 34 cases of adenoma with invasion of the blood vessels, which were 
found by going through 1,114 old slides not previously examined for the presence 
of such invasion. The total number of cases is 187. These occurred among 6,535 
cases in which operation was performed for disease of the th 3 Toid gland, an 
incidence of malignancy in this material of 2.86 per cent. 

Grouping of Cases. — Clinical grouping is considered as follows : group I — low 
or potential malignancy ; group II — moderate malignanc 3 ', with a hope of cure ; 
group III — marked malignanc 3 % in which there is practically no hope of cure. A 
histologic classification is made, which is found to follow ver 3 " closely tliis clinical 
grouping, as follows : group I — adenoma with invasion of blood vessels ; group II, 
papillary cystadenoma. In group II is adenocarcinoma (1) of the papillary type 
and (2) of the alveolar type. In group III there are (1) squamous cell carcinoma; 

(2) small cell carcinoma (a) of the compact t 3 '^pe and (b) of the diffuse t 3 "pe: 

(3) giant cell sarcoma, and (4) a group in which is placed 1 probable case of 
fibrosarcoma. A clinical discussion of the members of each group is given, and 
the histologic observations of each t 3 "pe detailed and pictured. 

In group I — low or potential malignancy — ^there were 133 cases, with a mortality 
of 4.5 per cent. In group II there were 21 cases, with a mortality of 23.9 per cent. 
In group III there were 33 cases, with a mortality of 82 per cent, making a total 
of 187 cases, with a mortality of 20.3 per cent. Of the 187 cases, onU 7 were 
lost in the follow-up, 180 being followed for one year or more since operation. 
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This classification of tumors of the thyroid gland is a simple one to follow 
histologically, and from the clinical point of view it offers a distinct advantage 
in the grouping of cases and the methods of treatment for cases and the prognosis 
in such cases. 

DISCUSSION 

Lawrence W. Smith ; It is with unusual interest that I have listened to 
this paper, as it happens that it records, among other things, the end-results in 
a series of cases in which I made a good many of the original diagnoses. _ It is 
also stimulating to have such a check-up on one’s work, and in no organization 
with which I am familiar has the follow-up work been so effectively managed 
as it has in the Lahey Clinic. In our original observations we followed an 
arbitrar}" and rather unorthodox classification, which has been presented this 
evening in somewhat modified form, as we anticipated at that time would be 
necessarj-. But it is interesting to note how much more satisfactory a classification 
it has turned out to be than the more usual terminology. 

Since that time I have had the opportunity of examining all the thyroid glands 
from the New York Hospital, and during this interval have studied some 46 
additional cases of malignant tumors. Our data are not complete enough to 
include any clinical reports at this time. In general, however, the cases have 
fallen into these same major groups, and their clinical course in most instances 
has corresponded to the expectancy in each group, as gleaned from Dr. Clute’s 
and my original studies, and as confirmed by this additional report. Of these 
cases, as in the Lahey series, the majority, or 33 cases, fall into their first two 
groups, those of low grade or moderate malignancy. They are about equally 
divided into two types : IS were of the malignant adenoma or alveolar type with 
invasion of blood vessels, and 15 were of the papillary t 3 'pe with capsular invasion, 
including 2 cases of definitely aberrant thyroid gland. One of the others falls into 
the thyroglossal duct t 3 'pe, and the remaining 11 fall into the extremely malignant 
group, 8 being of the small cell t 3 ’pe and 3 of the giant cell pseudosarcoma t 3 ’-pe. 

The malignant adenoma group requires little or no discussion other than to 
concur in the opinion regarding the value of vascular invasion as a criterion for 
malignanc 3 ', and to hazard again the theory that the papillary type is specifically 
derived from the lateral anlage of the gland embr 3 ’ologicall 3 '. 

The small cell group is to my mind the one most worthy of comment. The 
paper just presented includes 17 of the compact type and 8 of the diffuse type. 
Of the patients in these cases, 21 are dead, 1 has a recurrence, and 3 are alive 
after one, one and three-quarters, and two and two-thirds 3 '^ears. In one case x-rays 
were of value in “curing” the tumor localb', and the patient lived for three and 
a half years with local recurrence, d 3 dng, however, presumably of retroperitoneal 
metastases. Our 8 patients with comparable cases I believe are all dead, although 
there is some uncertainty regarding one who is “lost.” 

I am much interested in Dr. Warren’s separation of these tumors into two 
groups, the “compact” one, which he is inclined to call carcinoma, and the 
“diffuse,” which I suspect he feels may well be lymphoid. We have encountered 
the same difficulties in our cases, and are somewhat divided in our opinions 
regarding their histogenesis. 

Certain facts stand out sharply; these cases occur almost entirely in the sixth 
decade; they usually develop in a preexisting thyroid adenoma; the tumors grow 
rapidly, and the patient is usually dead within from six to eight months after he is 
first seen. The tumors are, as far as we have been able to find out, absolutely radio- 
resistant. For these reasons, especially their resistance to radiation, I am inclined to 
feel that we are dealing with carcinoma rather than lymphosarcoma, although I am 
free to confess that certain of them are impossible to prove histologically. Dr. 
Clute’s own case, which responded temporarily to radiation, might well establish 
the fact that true lymphosarcoma may occur. One other case I have seen which 
microscopically presented the typical picture of a reticular cell type of lympho- 
sarcoma, but most of them lack the histologic criteria for determining their 
histogenesis. 
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The chief point of difficulty is their differentiation from cases of Riedel’s struma, 
a distinction of some practical importance to the patient. And it is perfectly 
possible that the apparent chronic inflammatory process of ligneous thyroiditis may 
become neoplastic, sometimes developing into a lymphosarcoma. It is difficult to 
accept this idea with any enthusiasm, as I can think of no strictly comparable 
condition to support the contention. 

We, too, have found cases of “giant cell” tumors in which it is extremely 
difficult to eliminate “fibrosarcoma” as a diagnosis. It is quite possible that such 
tumors may occur, but it is my firm belief that an epithelial origin can be traced 
if one searches long and hard enough. It is a good deal like a garden overrun 
with weeds, in which the flowers are gradually choked out. So, in these tumors, 
it may be that the stroma outgrows the original epithelium, as in the so-called 
carcinosarcoma of the uterus, breast, etc. It is interesting to note in this group 
of seven cases, a case in which the patient lived two j’cars, and another in which 
the patient is still alive two and a half 3 'ears posloperatively. In the New York 
Hospital series, all 3 patients died within a few months of the recognition of the 
condition. 

May I say again how indebted I am to Dr. Clute and Dr. Warren for bringing 
my knowledge of these cases of thyroid tumors up to date? I am. of course, 
pleased that this general method of classification has worked out satisfactorilv'. I 
feel that we are gaining trcmendousl.v in our knowledge of the natural history 
of malignant disease of the thyroid by the presentation of such complete data 
as have been given tonight, and particularly' of such a large number of cases, 
and I look forward in the near future to the time when the mystery of the histo- 
genesis of these extremely malignant small round cell tumors is solved. 

Lloyd F. Graver (by invitation) : I have been interested and instructed to 
hear the paper of Dr. Clute and Dr. Warren, and particularly interested to know 
that they have had decidedly good results from x-ray treatment in certain of their 
groups of cases. It seems to me that in thyroid carcinoma one meets with certain 
surprises in radiation, inasmuch as some of the tumors which are so highly 
cellular, which one would expect from the general laws of radiation would be 
radiosensitive, apparently do not prove to be so, and others, such as the papillary 
adenomas and the papillary adenocarcinomas, which have a more adult structure, 
and which one would not perhaps a priori expect to be radiosensitive, do appear 
to be radiosensitive; in fact, some of them are quite so. I have in mind two 
illustrative cases. One of these occurred in a woman about 30 years old, who had 
a papillary adenocarcinoma, which was incompletely removed. She came to us 
five or six years ago and was treated with high voltage x-rays. Numerous cysts 
formed and were aspirated from time to time. Finally, after four or five aspira- 
tions, the cysts stopped filling up with fluid, and there began to be a definite 
regression of the papillary adenocarcinoma. She has failed to return now for 
about three y'ears, except for one time about a year ago when I saw her. At 
that time she still had a small nodular mass in the neck, but she had gained about 
25 pounds (11 Kg.) and had no evidence of any activity' of the thy’roid carcinoma, 
so that her tumor was a type which a priori we would expect not to be radio- 
sensitive, but which proved to be so, showing a definite regression following 
radiation and a growth restraint that has lasted. 

Another patient, a man about SO, had a mass the size of a fist arising from 
the right lobe of the thyroid — hard and solid. This was treated extremely heavily' 
with high voltage x-ray'S, but it did not regress. We sent him to a surgeon in 
New York who specializes in thy'roid surgery. He removed the mass, but missed 
some nodes which were above the tumor in the side of the neck, and which we 
knew were there. We sent the patient back for a subsequent operation for the 
removal of the nodes. Following that operation the examination of the tissue 
showed that it was a highly' cellular carcinoma made up of rather solid sheets 
of cells which we would expect from the microscopic structure might be radio- 
sensitive, and yet it had proved not to be so. However, a few months after 
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the second operation a number of small, shotty metastases appeared in the same 
side of the neck, and following radiation, they disappeared almost as rapidly as 
a lymphosarcoma, so that in that one patient we have an illustration of the 
surprises that one meets when radiating thyroid carcinoma. 

On the whole, I have been rather encouraged by the radiation treatment of 
thyroids. We get at the Memorial Hospital a great number of patients with 
nodular goiters who have refused operation, or who have mild toxic symptoms. 
The standard surgical teaching on this subject is that the treatment of choice is 
the surgical removal of an adenoma, and I think that means to the average man 
that any nodule in the thyroid should be removed. There is a widespread confusion 
in terms between adenoma and the mere nodular goiter, which represents probably 
the changes arising from various functional cycles of hyperplasia and involution. 
I do not know how anyone is going to distinguish clinically in a great number 
of these cases between a nodular th 3 'roid and the true adenoma that may be a 
precursor of cancer. I think the routine radiation of man.v of these nodular thyroids, 
as we have been carrying it out, may be of value not onl}' in relieving toxic 
symptoms — and occasionally we get surprises in the disappearance of the nodules 
— but in exercising restraint on the growth of a possible incipient thjmoid carcinoma 
in patients who would not consent to be operated on, and in whom otherwise 
carcinoma might develop. 

C.\RCIXOMA OF SUFRAREXAL CORTEX WITH UXE’SUAE jMeTASTASES. ChARLES 

T. Olcott. 

A case was presented of a man of 38 who had epigastric pain and general 
weakness without definite localizing symptoms, also diabetes mellitus. Biopsy of 
tissue from a left supraclavicular node showed adenocarcinoma, but the primary 
focus was not recognized, although it was considered gastro-intestinal, or possibly 
suprarenal. 

At autopsy, a large mass of whitish tissue was found to surround the left 
suprarenal and to extend to the stomach, pancreas and spleen. There was a 
fungating mass projecting into the gastric lumen just below the cardia, and here 
the mucosa was slightly eroded. The gastric wall in the same region was greatly 
thickened. Other masses of tumor extended to the mesenteric nodes as far as the 
cecum. The mediastinal nodes were also involved, as were those in the left supra- 
clavicular region. The liver and the lungs contained small metastases. The tumor 
was found to invade the wall and lumen of the right iliac vein and vena cava. 
Numerous shiny nodules were seen in the peritoneum and pleura. Microscopic 
slides were shown, including one in which there was a transition from normal to 
cancerous cells in the same cell column of the zona fasciculata of the left suprarenal. 
The tumor cells were large and vacuolated. On frozen section these contained 
lipoid material with the staining reaction of that found in the suprarenal cortex. 
Similar cells were found in all laj^ers of the gastric wall, except the superficial 
portion of the mucosa. In other respects, the gastric glands were normal and 
showed no suggestion of primary tumor formation. Although the large size of the 
tumor in the stomach militated against its being a secondary growth there, the 
tumor alveoli even in the stomach resembled those of the suprarenal cortex, and 
the large cells and multiple metastases confirmed the primary suprarenal origin of 
this carcinoma. 

Nineteen cases of suprarenal cortical tumor were collected from the literature. 
Vascular and visceral metastases were noted in fourteen. The fascicular arrange- 
ment and the presence of lipoid droplets were characteristic. 

Psittacosis: Postmortem Examination of a Case, Including Studies of 
THE Spinal Cord. S. H. Polayes and M. Lederer. 

The case is reported because as far as could be ascertained, it is the first case 
of psittacosis in New York City in which the diagnosis was confirmed both by 
bacteriologic and postmortem examination, and because the case permitted studies 
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of the changes in the spinal cord. A Jewish housewife, 51 3 'ears of age, was 
admitted to the Jewish Hospital of Brookl}'!! on the private service of Dr. M. 
Rabinowitz on Feb. S, 1931, with physical signs and sj’inptoins of pneumonia. 
Vague prodromal symptoms had begun a week before admission. In spite of the 
evident bilateral pulmonary consolidation on admission, the patient did not complain 
of any pains in the chest, and the expectoration was scant. A pleural rub was 
not heard until two days after admission. At this time, also, the creeping nature 
of the consolidation was noted in the left lung when the base, which was originally 
involved, became more resonant, while the process ascended to the apex. The 
other features of this case were the typhoid state of the patient, the abdominal 
distention and diarrhea of foul, watery stools, and the delirium, which i)crsisted 
until her death on the eleventh day after admission. During the course of the 
illness it was learned that the patient, as well as several others of her family, 
had contact with sick parrots, which one of her brothers had recently brought from 
Havana. Some of these parrots died soon after importation. One of her brothers, 
who received a pair of the diseased parrots, died of what was at first considered 
pneumonia, but later believed to be psittacosis. The entire familj’, including the 
patient whose case is described now, had attended the funeral of the first victim. 
.Shortly after that the patient and three others of the famih- contracted the disease. 
Of the latter three, two made an uneventful recover}', while the convaleseence of 
the third was prolonged by a complieating pulmonary embolus. 

Laborafory Data. — The urine showed traces of albumin, and occasional red 
and white blood cells. Examination of the blood showed ; 4,490,000 red blood cells 
per cubic millimeter, with 0.5 per cent reticulated eells; 10,800 white blood cells 
per cubic millimeter, with 86.5 per cent polymorphonuclear neutrophils of which 
45 per cent were nonsegmented forms, 11 per cent lymphocytes, 1.5 per cent mono- 
cytes, 0.5 per cent neutrophilic myelocytes and 0.5 per cent metamyelocytes; 150,000 
platelets per cubic millimeter; hemoglobin (Dare) 64 per cent; color inde.x, 
0.7 per cent; bleeding time, 10 seconds; coagulation time, 10 minutes. Rci)eated 
examination gave similar results. A blood culture on February 6 was reported 
sterile after three days’ incubation. The .spinal fluid, released under increased 
pressure, was opalescent owing to the presence of numerous red blood cells; albumin 
and globulin were present; Fehling’s solution was reduced: the Wassermann reac- 
tion was negative; colloid gold was not reduced. 

Bactcriologic ExamUiction . — Tissues from the lung, liver and spleen, secured 
under aseptic precautions, were submitted to Dr, G. P. Berry of the Rockefeller 
Institute for bacteriologic stud}'. Dr. Berry reported that he identified and isolated 
the psittacosis virus from each of these tissues. He also isolated the virus from 
the sputum of one of the survivors and from the liver and spleen of the last 
remaining parrot received from the home of one of the other survivors. 

In the postmortem examination the changes in the lung and spinal cord were 
emphasized. (Examination of the brain was not permitted.) 

Pulmonary Changes. — So much controversy is centered about the resemblance 
between psittacosis and influenzal pneumonitis that the authors considered it 
important to tabulate the points of difference between these two conditions 
(see table). 

Other less constant changes w'hich may be of aid in recognizing the pneu- 
monitis of psittacosis are the dark purple-blue color of the lung, the relative 
absence of pleural exudate and the occurrence of small subpleural hemorrhages. 

Changes in the Spinal Cord. — It is pointed out that the clinical signs that are 
so common in this disease (photophobia, lethargy, stupor, sluggish speech, slow 
response, muttering delirium, backache, ataxia, incontinence and even localizing 
signs such as facial immobility, muscle jerks, etc.) indicate anatomic changes in 
the central nervous system. The literature contains little information regarding 
these changes. The outstanding findings in some of the cases studied are : con- 
gestion, edema, foci of softening, hemorrhagic pachymeningitis and circumscribed 
areas of myelin degeneration. The findings in the spinal cord of the case reported 
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here are : an increase in the glial cells of the anterior horn, chroinatolysis, distor- 
tion of shape and eccentric displacement of nuclei of the neurons of the anterior 
horn, perivascular round cell infiltration, marked congestion of blood vessels, 
numerous punctate hemorrhagic areas and marked fat replacement in the anterior 
horn cells. Although these changes are definite, they cannot be considered char- 
acteristic of this disease, since similar changes in the spinal cord may occur in toxic 
states other than those associated with psittacosis. A plea is made for further 
studies of the changes in the central nervous system in psittacosis. 

The history, epidemiology and bacteriology of psittacosis are also reviewed 
and the pertinent facts emphasized. 

DISCUSSION 

G. P. Berry (by invitation) : The pathologic lesion of the lungs that Dr. 
Polayes has described is really quite unique, and as he pointed out, differs dis- 
tinctly from influenza, as it does also from other pneumonic processes. The 
lesion can be reproduced in monkeys of the species Macaciis rhesus, and in these 
animals there is a chance to follow the evolution of the pulmonar 3 ’- changes. 

Points of Difference Betzveen Psittacosis and influenaa 


Points of Difference 
Type of consolid.ition 

Cells lining the alveoli 

Type of cellular exudate.... 

Relation of bronchi to areas 
of consolidation 


Deposit of fibrin 

Character of hemorrhagic 
lesion 

Bacteria in the lung tissue.. 


Psittacosis 
Lobar 


Show marked hyperplasia and 
hypertrophy 

Polymorphonuclear cells are 
absent or scarce — exudate 
consists of mononuclear 
cells, plasma cells and des- 
quamated epithelial cells. 

None; bronchioles involved 
by extension of process 
from surrounding lung 
tissue 

Very abundant throughout . . . 

Associated _ with capillary 
thrombosis and severe 
necrosis of lung tissue 

Scarce or ab.sent, except in 
areas of secondary infec- 
tion 


Influenza 

Nodular, even when areas of 
consolidation become con- 
fluent 

Show no marked change 

Numerous polymorphonuclear 
cells — occasionally to extent 
of suppuration 


Definite: capillary bronchitis 
with bronchopneumonia 


Scarce, except near involved 
bronchioles 

Not associated with either 


In large numbers throughout 
the lung 


Monkeys can be inoculated in the trachea or in tlie nose. After forty-eight 
hours the experimental pneumonia begins to develop. It runs a course for a 
period of about ten da 3 "s, and then undergoes rapid resolution. .Most of the animals 
recover, but a few die from a spreading pneumonia. The first abnormality that 
one notices in sections from monkeys killed after forty-eight hours is a slight 
edema of the alveolar walls, beginning at the hilus and spreading toward the 
peripherj’. As the edema becomes more pronounced, small amounts of fibrin are 
laid down, and one finds the alveolar walls becoming infiltrated with cells. At 
first, in some places, there are some poh'morphonuclear cells, but as the lesion 
grows older, only various types of mononuclear cells are to be seen. The infiltra- 
tion continues, and at the same time the alveoli become more distended with 
albuminous material, fibrin and large cells with single nuclei. The exact nature 
of these cells is obscure; undoubtedly many of them are desquamated epithelial 
cells from the alveolar wall, and probably others belong to the “mononuclear 
series.” Presently the entire lung becomes very cellular; the alveolar walls are 
tremendously distended by these cells and the alveoli filled with them. Often it 
is almost impossible to distinguish the alveolar walls. Thrombosis of small vessels 
occurs, and small hemorrhages are scattered through the congested tissue. Necrosis 
of the alveolar walls follows in the thrombosed areas. On gross section, at this 
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stage of the process, the lung shows a smooth, rather dry, liomogeneous structure, 
such as was present in Dr. Polayes’ case. Although the distribution is often lobar, 
the appearance is unlike that of lobar pneumonia. In a way, the psittacotic lung 
resembles a glandular structure, meatj’’, smooth, a little translucent, but not granular. 
It is surprising that such an extensive process can clear up in two or three days. 
The roentgen shadow may completely disappear in this time. The process heals 
without fibrosis ; the cells disappear ; a moderate degree of emphysema may develop, 
but in a short time the -lung tissue becomes quite normal again. 

The literature contains few studies of the central "nervous system in patients 
with psittacosis. Only a few reports of autopsies include neuropathologic observa- 
tions. In view of the many symptoms and signs of the disease referable to the 
central nervous system, and of the ncurotropic properties of the virus under experi- 
mental conditions, further observations are indicated. In animals inoculated intra- 
cerebrally a meningo-encephalitis develops. The meningeal exudate consists of 
polymorphonuclear and mononuclear cells. Some perivascular infiltration extends 
into the brain and cord from the meninges, and there are a few scattered hemor- 
rhages. Nerve cell changes, similar to those described by Dr. Polayes, have also 
been encountered. It seems hardly necessary to point out the fact that the lungs 
and brains of such c.xperinientally infected animals are sterile for all the ordinary 
types of bacteria. 


PATHOLOGICAL SOCIETY OF PHILADELPHIA 

Regular Meeting, May 14, 1931 
, Balduix LucKii, President, in the Chair 

Hodgkix’s Disease oi'' Bone Marrow and Spleen Without Apparent 

Involvement of Lymph Nodes. E. B. Krumbhaar. 

A white painter, aged 55, was admitted to the Philadelphia General Hospital 
(service of Dr. Boston) complaining of weakness of the legs. He had had dyspnea, 
palpitation, nocturia, anorexia and constipation for several months. He had had 
scarlet fever and gonorrhea and was a moderate user of alcohol. He gave no 
history of having had syphilis. Physical examination showed nothing abnormal, 
except for pallor, ascites and a greatly enlarged spleen. No bmiph nodes were 
palpable either before or after death. The Wassermann reaction was negative. 
There were much albumin and many casts in the urine. Anemia Avas marked. 
The leukocyte count was 8,200; later, 3,700 (polymorphonuclears, 54 per cent; 
lymphocytes, 43 per cent). 

At autopsy performed by Dr. Palomeque, the spleen weighed 1,090 Gin., the 
surface cut with increased resistance and Avas pinkish red, firm and not congested. 
The malpighian follicles Avere not visible. 

The liver Aveighed 2,190 Gm. It AA^as congested and diffusely fibrosed, Avith 
many small AA'hitish areas that AA'ere not explained by the section taken. 

The bone marroAV, both femoral and tibial, AA-as greatly hyperplastic. No 
enlarged lymph nodes of any kind AA'ere found on careful examination. 

Histologically, the spleen and both bone marroAvs shoAved e.xtensive invoh^ement 
by the characteristic lesions of Hodgkin’s disease. The lymphoid follicles of the 
spleen and of the gastro-intestinal mucosa AA’ere small and shoAved no notcAvorthy 
changes. A fcAV Hodgkin’s cells AA’ere found in the sinuses of the liver. As no 
grossly abnormal lymph nodes Avere found, no lymph node tissue Avas taken for 
sectioning. 

Without proof that is unequivocal, this is considered a case of Hodgkin’s 
disease of the spleen and bone marroAV Avithout demonstrable involvement of lymph 
nodes, a condition that has not apparently been prcA’iously reported. 

This article Avill be published in full in the American Journal of Medical 
Sciences. 
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A Case of Hodgkin’s Disease of Unusual Duration and Extension. 

Max M. Strumia. 

This case is interesting because of the long duration, the large amount of 
roentgen treatment applied, and especially for the unusual extension and quality 
of the lesions found at autopsj’-, which was performed at the Misericordia Hospital. 
I am indebted to Dr. Pfahler and to Dr. Bertin for the clinical notes of the case. 

The patient, a woman, first noticed swelling of the neck and axilla in December, 
1920, when she was IS years of age. There are reasons to believe, however, that 
the disease probably started about one j'ear before. From that time until death, 
which occurred in the month of Februarjq 1928, there were an uninterrupted series 
of glandular swellings of the cervical, axillary, inguinal, prevertebral and 
mediastinal regions, enlargement of the spleen and liver and tumor formations 
over the left sacro-iliac joints and other portions of the skeleton. In addition, 
roentgenograms revealed severe absorption of the head of the left femur, of the 
right portion of the sacrum and of the pelvic bones. In September, 1924, the 
patient had three hemiplegic attacks with loss of power and sensation in the right 
arm and leg and loss of speech. These lesions rapidly disappeared under treat- 
ment with the x-raj's. A severe herpes zoster of the left side of the face and 
forehead appeared in October, 1926, which healed under treatment with the x-rays, 
leaving a deep-seated, atrophic scar. 

The blood picture was carefully studied, and never offered anything worthy 
of notice, save for an occasional shower of Rieder cells. There was also a mild, 
progressive secondary anemia. 

At autopsy severe emaciation was found (weight 80 pounds [36.3 Kg.]). The 
superficial lymph nodes were all small, hard and fibrous. There was pericardial, 
pleural and peritoneal effusion. The pericardium and the myocardium showed 
several tumorous infiltrations, about from 4 to' 6 mm. in diameter, hard and pale 
gray. The right lung was e.xtensively infiltafted with large bands of hard, fibrous 
tissue. In addition the pleura was peppered with small, pale, yellowish nodes, 
from 3 to S mm. in diameter. In the left^ng the lesions were even more advanced, 
with the formation of deep-seated,,,r€tracted scars, with adhesions. The spleen 
weighed 350 Gm. Both the surface and cut sections showed numerous irregular, 
white, hard nodes, with complete loss of the splenic structure. The liver weighed 
1,500 Gm. The consistency was greatly increased. The surface was peppered 
with nodes, which had partly fused together, and at times seemed to form a 
diffuse infiltration around the bile ducts. The right lobe was almost entirely 
substituted by large, white, lardlike masses. Similar, but less extensive, tumorous 
infiltration was found in both kidneys and in both suprarenal glands. 

The mediastinal lymph nodes formed a hard, gray, fibrosed mass, 10 by 4 by 
0.08 cm. Other internal lymph nodes were small, hard and fibrosed — some of them 
with soft, necrotic centers. 

In addition, the head of the left femur, the bones of the pelvis and practically 
all of the vertebral bodies appeared invaded in part by a hard, white, fibrous mass, 
with considerable destruction of bone. 

The bone marrow of the ribs was very active ; that of the femur was moderately 
hyperplastic. The bone marrow of the tibia was fatty. 

Microscopic examination revealed that the tumorous masses and infiltrations 
of the various organs were formed mostly of hard, fibrous connective tissue, with 
extensive areas of hyalinization and degeneration, and occasional groups of cells, 
usually at the periphery of the lesions. These infiltrations were composed mostly 
of lymphocytes, monocytes, a few eosinophils and occasional typical Dorothy Reed 
giant cells. 

Carotinoid Pigments in Birds. E. P. Corson-White. 

Protocols on forty-four birds with deeply stained fat were found scattered 
through the postmortem records of the Philadelphia Zoological Garden from 
1904 to 1931. The color ranged from orange- 3 'ellow to orange-red. In thirty- 
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nine instances no mention was made of pigmentation in any location other than the 
fat ; in four it was said to be present in the skin and fat, and in one in the skin, claws, 
beak and fat. The greatest intensitj' of color appeared in those regions without 
feathers or where the plumage was thin. 

The birds were, as a rule, markedly fatter than the average of the species : 
three were described as markedly obese, one as extremelj’ obese, thirty-two as fat 
and the remainder as well nourished. In only nine was there sufficient gross 
pathologic change found to account adequately for death. Of these, four had hemor- 
rhagic enteritis, one arteriosclerosis and interstitial nephritis, one acute necrotizing 
enteritis, two hyperplasia of the thyroid gland with colloid and one tuberculosis 
of the liver and the spleen. In eleven the cause of death was not determined; 
in sixteen it was due to injur}", i. e., to attacks by cage mates; the remainder 
showed mild lesions insufficient to cause death. 

Analysis of the fat and tissues showed the pigments to be a xanthophyll, similar 
to that found in the hen’s egg. The twenty-four hour ration of these birds yielded 
carotin and xanthophyll (methods : Tsweet’s chromatograph method,^ the methods 
of Willstatter and Mieg ~ and Willstiittcr and Stoll ^ and the spectroscopic 
method "i). An effort to study the distribution of the pigment in the various 
tissues was attempted chemically, but because of the small amount of material this 
attempt was abandoned and an effort made to stain blocks of tissue, with use of 
the Nile blue sulphate staining methods developed by Dolley and Guthrie " in 
their studies of the carotinoids in animal tissues and espcciall}" in their study of the 
yellow pigments of the central nervous system. They identified these pigments 
as carotinoids, and found that they could be increased or decreased at will by 
varying the amount of carotinoids in the diet, and definitely showed that they 
were not, as previously thought, a product of wear and tear. They also observed 
that any drug or other factor that depressed the metabolism exaggerated the 
deposition of the pigment. By their method neutral fat was stained a salmon 
red and the carotinoid granules a deep blue. It is known that the pigments appear 
as intercellular and intracellular substances, possibly as an amorphous substance, 
but usually coloring the true fat or bound to the protein. It is questionable if 
they ever occur in pure condition in animal tissues. They never appear as crystals. 
The studies of Smith® later showed that the Nile blue sulphate, instead of 
particularizing the carotinoid pigments, really differentiated the neutral fats and 
the fatty acids. Connor,^ in an investigation of all the so-called differentiating 
stains for lipochromes, concluded that if a yellow pigment crystallized in a tissue 
treated with a weak alcoholic solution of potassium hydrate and formaldehyde 
or lost its color in a strong solution of ferric chloride or was dissolved in a fat 
solvent, it was probably a lipochrome. The results with sections were therefore 
discouraging. The pigments seldom appear as granules, except in the skin. Else- 
where they are usually in solution in a lipoid and are not visible as a particulate 
substance. 

The toxicity of the pigments has been investigated by two observers. Wells 
and Hedenberg,® who injected pure carotinoids intraperitoneally into guinea-pigs, 
and by Hess and Myers,® who injected them subcutaneously into infants, with 

1. Tsweet, M. ; Ber. botan. Gesellsch. 24:284, 1906. 

2. Willstatter, R., and Mieg, W. : Ann. d. Chem. 1:355, 1907. 

3. Willstatter, R., and Stoll, A.: Untersuchungen /iber Chlorophyl Methoden 
und Ergenbnisse, Berlin, Julius Springer, 1913. 

4. Kohl, F. G. : Untersuchungen fiber das Carotin und seine physiologische 
Bedeutung in den Pflanzen, Leipzig, 1902, p. 165. 

5. Dolley, D. H., and Guthrie, F. V.: J. M. Research 40:295, 1919; 42:289, 
1921. 

6. Smith, J. L.: J. Path. & Bact. 12:1, 1908. 

7. Connor, C. L. ; Studies on Lipochromes, Am. J. Path. 21:235, 1928. 

8. Wells, H. G., and Hedenburg, O. F. : J. Biol. Chem. 27:213, 1916. 

9. Hess, A. F., and Myers, V. C: J. A. M. A. 73:1743, 1919. 
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in both instances entirely negative results and prompt excretion in the urine. 
Connor lo injected the pigment dissolved in pure olive oil into the peritoneal cavitj^ 
producing bj' this method a small granuloma of foreign body type on the peri- 
toneum and no absorption of the pigment. 

Practically, however, all of the present knowledge of these pigments comes 
from the biologic chemists Kohl, Tsweet, Willstattcr and his associates and Palmer 
and his co-workers.^i They definitely proved the exogenous nature of the pigments 
even when the pigmentation occurs in the course of a metabolic, disturbance. 
They also noted the lipochrome variation in the fat of different species of animals 
and birds even when they were fed on diets rich in carotinoids. On the same 
diet some are entirely free from pigment, while others have barely a trace, and 
still others have deeply colored fat. This must depend on some inherent char- 
acteristic, either an ability on the part of the bird to absorb carotinoids from 
the food and to deposit the pigment in the tissues or an ability of the bird to 
destroy the pigments and prevent their deposition. The normal absence of all 
traces of yellow pigment in some species speaks strongly against any real function 
of the carotinoids in life, a fact that receives strong corroboration from an 
experiment of Palmer’s : He was able to raise chicks to full maturity with normal 
fecundity on a diet entirely without carotinoids, producing eggs with colorless 3 'olks 
which hatched, yielding healthy chicks. 

A great variation in the amount of pigments absorbed occurs also among 
individuals of the same species and in experimental groups and in collections 
that, like the birds of this report, have been fed on a diet of the same carotinoid 
content and exposed to the same environment. With respect to the birds covered 
by this report, undue pigmentation was found in only forty-four of several 
thousand exhibited. The horse and the cow on a diet rich in carotin and espe- 
cially rich in xanthophyll resorb carotin and exclude xanthophyll, although the 
latter is more abundant in the food. Fowls, on the contrary, exclude carotin and 
resorb xanthophjdl. Mammalian bile has been studied and found to dissolve 
xanthophyll easily, but to be without effect on carotin. Whether this is a factor 
in the causes underlying the deposition of carotin is not known. There are no 
studies on avian bile. The bile from one penguin did not dissolve crystals of 
xanthophyll, but little weight can be given to one experiment. Gerould,!^ in a 
studj' of caterpillars, was able to increase the pigmentation by feeding an unusual 
amount of pigmented food. He thought that there was evidently a physiologic 
factor involved in these variations as between species, and that it probably was an 
enzyme, possibly an oxidase, free in the digestive tract. The individual variation 
is noticeably demonstrated in hens, a fact made use of by poultrymen in culling 
out unprofitable hens. Large production of eggs is definitely and positiveh' cor- 
related with pale shanks, ear lobes and beaks. In experimental forced feeding of 
xanthophyll the pigment appears in a very few days in the skin of nonlaying 
hens, but it may not appear for weeks in the skin or fat of laying hens, even if 
thej' lay only once or twice a week. In one feeding experiment two lajdng hens, 
one capon, and one sterile hen of the same breed, all apparently healthj’^, were 
fed on a rich carotinoid diet. The capon and the sterile hen colored intensely 
in five days, and at the end of four weeks the laying hens showed no appreciable 
change. Klose, in a study of infants from a home, stated that only a few of the 
babies on being fed carrots, showed the pigmentation, and these were always the best 
developed children, “all with -well developed panniculus adiposis.” Van den Berg 
and his associates in a study of the blood pigments of man found that the luteins 
were increased in diabetes, interstitial nephritis and arteriosclerosis, although 
pigmentation of the skin does not develop in all. 

10. Connor, C. L. : Am. J. Path. 21:227, 1928. 

11. Palmer, L. S. : Carotinoids and Related Pigments, New York, The Chem- 
ical Catalogue Company, 1922. 

12. Gerould, J. H. ; J. Exper. Zool. 34:385, 1921. 
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In the birds of this group milder and more severe lesions of the thyroid 
gland, pancreas, adrenal glands, kidne 3 "s and intestines were found at autopsy; 
all the birds had a tendency to accumulate fat. Apparentlj" an excess of oxygen 
must be available to oxidize the pigments and so prevent their deposit in the tissues, 
and therefore any factor as caponizing, etc., that depresses the general metabolism 
or produces a suboxidation of the tissues favors the deposition of pigment. 

Pulmonary- “Pseudo-Actinomycosis” (Ciiromoblastomycosis?) in a Capy- 

BARA (HydROCIIOERUS) DuE TO A HyPIIOMYCETE PRODUCING R,\Y FUNGI 

IN THE Tissue. Fred. D. Weidman. 

An unidentified fungus,- which is not a member of the streptothrices (as is that 
in actinomj^cosis), but a broad-celled hyphomyccte with thick walls, was established 
as the cause of a ray fungus formation in the lung of a capybara. The points 
to the presentation were as follow’s : 

1. Radiate arrangements simulating ray fungus formation are possible in dis- 
eases other than actinomycosis; on passing inspection they could be readily con- 
fused with the ray fungus of actinomycosis. 

2. Unique supplementary formations in the form of feathery lateral processes 
on the raj's made their appearance. 

3. As a broad hj'pha was demonstrable in the axis of some of the raj^s, the 
phenomenon is brought into analog}' with ray formation in true actinomycosis, 
substituting only the broad, thick-walled hypha of a hyphomyccte for the delicate, 
slender one of a streptothrix. 

4. By analogy witli other fungus cells that notoriously show incrustations 
(aspergilli, some of the microsporons, Coccidioidcs imviitis), additional evidence is 
brought to bear on the debated nature of the hyaloid substance comprising the 
actinomycetic club; the fungus in this capybara serves as a welcome connecting 
link between the grosser, nonradiating forms just mentioned and Actiuomyces. 
That is, the hyaloid constituents of the actinomycetic club are simply variant 
examples of the property of incrustation more or less general to higher fungi. 

The Nature of the Erythrocytic Da.mage Produced by Acetylphenyl- 

HYDRAZINE IN YlVO AND IN VlTRO. R. P. CUSTER. 

Previous experimenters who have used acetylphenylhydrazine (pyrodine) to 
produce anemia in animals have noted, on examination of stained smears of the 
blood, peculiar round, darkh'-staining, retractile bodies, varying in size from one- 
eighth to one-sixth the size of the erythrocyte, lying either within, on or against 
the margins of the red blood cells. All have hazarded opinions as to the nature 
of these bodies and their relation to the hemolytic action of the drug. The work 
reported here is one phase of my experimental studies on phenylhydrazine com- 
pounds, showing the manner in which the erythrocytic structures are formed and 
thereby demonstrating the nature of the erythrocytic damage produced by these 
drugs. 

Subcutaneous injection of acetylphenylhydrazine solution produces a profound 
anemia in forty-eight hours. The so-called “inclusion bodies” appear concomitantly 
with the anemia and persist until the regenerative phase of the blood is well 
established. Fresh preparations of the blood show the majority of the red blood 
cells to contain the bodies, definitely intracellular and marginal in position. The 
density of the body and the density of the cell vary inversely; the largest and most 
dense of the bodies are seen within “ghost cells.” 

A mixture of equal parts of acetylphenylhydrazine solution (1 : 100) with a 
1 : 100 dilution of blood in isotonic saline solution, observed promptly in a hanging 
drop chamber, shows the mechanism of this reaction. A primary slight crenation 
of the erythrocyte is seen, followed within a minute by resumption of its original 
form, on establishment of osmotic equilibrium. Soon an opaque shadow appears 
within the cell, irregular and hazy in outline and occupying about one fourth of 
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the fiat surface area. This shadow-like bod}' becomes sharper of outline, more 
opaque and smaller (to about one eighth of the diameter of the cell) ; then increases 
in translucency and refractility, finally appearing as a vacuole. A given cell may 
contain one or more of these seeming vacuoles, which move about freely within 
the confines of the cell membrane. Further observation shows a slow fading of 
the hemoglobin of the cell, with a concurrent increase in the density of the con- 
tained body until but a shadow}' cell membrane persists, immediately within the 
circumference of which lies the “inclusion body.” Finally the cell membrane dis- 
integrates, leaving the body free in the suspension. Spectroscopic e.xamination of 
such a suspension gives the reaction for methemoglobin. 

These bodies are analogous to the Hcinz-Ehrlich bodies occasionally demon- 
strable in severe to.vic anemias, the so-called “inner-body anemias.” 

This article is to be published in full in the American Journal of Medical 
Sciences. 

A COMPAR.VTIVE StUDV OF AmEBIASIS IN MaN, MoNKEYS AND CaTS, WITH 

Special Reference to the Formation of the Early Lesions. Herbert 

L. Ratcliffe. 

A study of the histologic lesions of intestinal amebiasis in monkeys belonging 
to two South American genera has shown that the first lesions are superficial 
erosions of the mucosa. These are followed by the development of undermining 
ulcers that have their origin in the solitary lymph follicles of the wall of the 
large bowel. When tissue is fixed immediately after death, the amebas are seen 
in the mucosal lesions, but not in the submucosa. The apparent role of the 
amebas is the superficial destruction of the mucosa, which allows pyogenic bacteria 
to invade the lymph vessels and produce submucous abscesses in the follicles. 
The follicular abscesses rupture into the intestine and form the undermining ulcers. 

Striking differences are seen when tissue is fixed from twelve to twenty-four 
hours post mortem. There are extensive necrosis of the mucosa and deep invasion 
of the wall of the gut by the protozoa. These organisms are also seen in large 
numbers in and about the ulcerated follicles. The inflammatory reaction about 
the ulcers, so prominent in fresh tissue, is not so striking. Leukocytes, as well 
as the remnants of follicles, undergo degeneration. 

.A. comparison of these changes with the lesions described in human intestinal 
amebiasis shows that they are very similar and probably originate in much the 
same way. The presence of amebas deep in the tissues in man may be accounted 
for by postmortem invasion, since descriptions are made from tissue fi.xed several 
hours after death. 

The lesions of intestinal amebiasis in the cat do not appear to be comparable 
to those in primates. In the cat, the pathologic process is one of direct invasion 
and destruction of the wall of the gut by the amebas. This is usually accompanied 
by an inflammatory reaction of the whole wall, indicating bacterial as well as 
amebic action. True undermining ulcers, comparable to those in primates, do not 
occur and lesions presented as such seem to have another e.xplanation. 
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The Regulation of Size as Illustrated in Unicellular Organisms. By 

Edward F. Adolph, PhD., Associate Professor of Physiology in the Uni- 
versity of Rochester. Price, $4.50. Pp. 233, with 66 figures and 15 tables. 

Springfield, 111.: Charles C. Thomas, 1931. 

This book is divided into twelve chapters: 1. Bodj' Size as Structure and as 
Function, 2. Rates of Growth and Individuals, 3. Variability of Body Size. 4. 
Inheritance of Size. 5. The Rate of Multiplication. 6. Size in Relation to 
Multiplication Rate. 7. The Fusion of Individuals. 8. Internal Characteristics 
and Size. 9. Some External Factors and Size. 10. Size in Relation to Body 
Surface. 11. Size of Nucleus. 12. Conclusion. In addition, there are an appendix 
on spirogy^ra cells, an excellent bibliograph}- and an index. 

It is difficult to exaggerate the value of the quality and the quantity of data 
in this book. Also, merely to read the topics of a chapter is stimulating. In 
chapter 1, for example, a discussion of size as a regulative characteristic and of 
metabolic turn-over, one finds a treatment of regulation, of the cell theory, water 
as a constituent of cells, vacuoles, surface permeabilities, the lower limits of cells, 
etc. The chapter on rates of growth of individuals, dealing largely with Para- 
maeciiim, shows the author’5 discrimination and critical judgment. Biologists will 
find the chapter on variability of body size the most useful. The old question 
of the relation of size to multiplication rate (chapter 6) is lucidly presented; so, 
too, are the chapters on internal characteristics and size and some external factors 
and size. The reviewer found the chapter on size in relation to body surface 
somewhat too briefly treated. 

The book is a valuable contribution: (1) because of the large amount of care- 
fully appraised data that it contains, (2) because of the clear and simple method 
of presentation and (3) because of its unified point of view. 

Many readers, perhaps, may have some feeling of disappointment because Pro- 
fessor Adolph advances no theory. In this he but carries out the thesis expressed 
in the preface ; namely, that the recognition and description of problems constitute 
the first step in the analysis and solution of these problems. One such problem is 
that of body size. He gives two main reasons for beginning the study of regula- 
tion of size on unicellular organisms : “First, their patterns and functions are 
most readily modified by changes of environment, so that influential factors ma}’^ 
be quantitatively identified in isolation. Second, uniparental inheritance is the 
rule, with the result that, in an}-^ species, genetically uniform individuals may be 
obtained for stud 3 L” These are two excellent reasons. The reviewer therefore 
agrees with Professor Adolph that ph 3 "siologists have given too little attention to 
the advantage offered b 3 ’’ unicellular organisms. Certainly, not since Verworn’s 
time has the physiology of the protista received the attention it merits. The 
reasons for this situation are not difficult to ascertain. 

Many biologists, including some protozoologists, consider unicellular organisms 
as apart from the multicellular. Also, many workers, including protozoologists, 
have somehow come to think of the protozoa too largel 3 ’^ in terms of conjugation 
as exemplified by the ciliates. The emphasis placed on this one problem has there- , 
fore overshadowed problems of more general significance both for the protozoa 
and for the metazoa. 

A general physiology, like Verworn’s for example, based too much on protista, 
nowadays meets with a cool reception. On the other hand, a general physiology, 
in the sense of Claude Bernard, giving great emphasis to the vertebrate brain 
and spinal cord, finds ready approbation. However, the advantages of unicellular 
organisms pointed out by Professor Adolph cannot be gainsaid. Perhaps his book 
will stimulate new interest in the ph 3 ’siolog 3 ' of unicellular organisms. Certain^', 
It is a lucid statement which fulfils the promise to recognize and to describe the , 
problem stated. 
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Die Biologie der Person : Ein Handbucii der aelgemeinen und spezi- 
ELLEN Konstitutionseehre. Von Prof. Dr. T. Brugscii und Prof. Dr. 
F. H. Lewy. Lieferimgen IS und 16, Band III. Pp. 577 and 888. Lieferung 
17, Band II: Handscrift und Charakter. Von Elisabeth Flatow-Worms. 
Experimentelle Untersucliungen zur ps 3 'chophysisclien Typenforschung. A^on 
F. H. Lewy, E. Jaensch, usw. Das Lcib-Scele-Problem und die ps 5 'cho- 
phj-sischen Korrelationen. A^on Hans Pollnow. Paper. Pp. 695. Berlin : 
Urban & Schwarzenberg, 1930 and 1931. 

With parts IS, 16 and 17, the “system of the biology of the person” has been 
completed. H. Haike discusses the relations between heredity, configuration of the 
external ear and diseases of the middle and internal ear. Much space has been 
devoted to otosclerosis, which among the hereditarj' diseases of the ear claims 
the greatest interest. Particular mention is made of the geneological trees of 
families with otosclerosis. Since it is impossible to predict otosclerosis with 
certaint)', the author does not accept it as an indication for the artificial interup- 
tion of pregnancj’. A^aluable information will be found in F. Pinkus’ splendid 
contribution on the skin. There are chapters on the finer structure of the skin, 
the features of the face, the secretion products of the skin, the effect of the 
physical influences of the outer world on the skin and its defense reactions, the rela- 
tions between the endocrine glands and the skin, the action of poisons on the 
skin and the influence of diseases of the skin on body and mind. F. Munk, 
who is well known from his book on diseases of the kidney, takes up the normal 
and pathologic function of the kidnej- and its individual variations. A chapter 
has been devoted to the vegetative nervous system. K. Dressel and F. Hinnnelweit 
present the material in a clear and concise manner without going into details. 
The individual variations in the reactivity of the autonomic nervous sj'stem play 
an important role in modern clinical and experimental medicine. The autonomic _ 
nervous system is under continuously changing external and internal influences’ 
and, on the other hand, influences the normal and abnormal functios of the organs. 

The last number gives an extensive contribution on hand writing and character 
bj’- Elisabeth Flatow-AVorms, which is profusely illustrated, and chapters on the 
experimental investigation into the psj'chophj'sic types (F. H. Lewy, E. Jaensch, 
AAA Jaensch, O. Schmaehl, P. Lersch and C. Mandowsky) and on ps^'chophj'sic 
correlations in general (H. Pollnow). 

The whole work on the “biology of the person,” the other issues of which 
have previously been reviewed, consists of four stately volumes. The material 
that has been collected in these volumes is enormous, and there are manj^ chapters 
by physicians outstanding in particular fields of biologic and medical science. 
The fact that it contains data that are inaccessible to the average physician is 
perhaps the greatest value of the work. It brings attention to the tremendous 
importance of the problems of individuality in health and disease, which are 
still often neglected. Modern medicine has to deal not only with the causes and 
manifestations of diseases and their treatment, but also with the individual response 
to the morbitic agent and to drugs. Constitutional pathology is the tenor of 
the work, which should be found in every well equipped medical and biologic 
library. 

Recent Advances in Forensic Medicine. By Sydney Smith, M.D., 
A'I.R.C.P., D.P.H., Regius Professor of Forensic Medicine, Universit}-- of 
Edinburgh, and John Geaister, Jr., M.D., D.Sc., J.P., Barrister-at-Law, 
Inner Temple, Professor of Forensic Medicine in the University of Egypt, 
Cairo. Cloth. Price, $3.50. Pp. 194, with 66 illustrations. Philadelphia: 
P. Blakiston’s Son & Company, 1931. 

The object of this book is to review certain more or less recent advances in 
medicine in their medicolegal relations. The first four chapters are devoted 
to firearms and injuries by projectiles. The modern methods of identifying firearms 
receive thorough and competent consideration on the basis of much personal study. 
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All who deal with medicolegal problems of injuries from firearms will find these 
chapters of great value. The chapter on hairs is noteworthy because it describes 
and illustrates the microscopic appearances of the hairs of a large number of 
animals. The discussion of the medicolegal applications of the precipitin test and 
of blood grouping is elaborate but fails to convey that sense of experienced grasp 
of principles and practical details characteristic of the chapters on firearms and 
hairs. There follow short chapters on the quantitative determination of carbon 
monoxide in the blood, spectroscopy in medicolegal investigations, the detection 
of fluorescent substances by means of ultnaviolet light and the estimation of alcohol 
in the blood and the urine. The illustrations are excellent. The book is com- 
mendable ; it illustrates the great variety and refinement of methods that are 
applied in medicolegal work. Obviously, these methods are so diversified that no 
one person can master them all. Only organizations or institutes with several 
departments under expert direction can meet adequately the public needs in the 
way of scientific examinations for medicolegal purposes. 


Oxidation-Reduction Potentials. By L. Miciiaelis. Translated from the 
German bj' Louis B. Flexner. (Monographs on Experimental Biology, founded 
by Jacques Loeb.) Price, ^3. Pp. 197. Philadelphia: J. B. Lippincott 
Compam’, 1930. 

The discovery, by Hopkins, that all cells contain a substance, glutathione, 
capable of undergoing reversible oxidations and reductions has emphasized anew 
the importance of tliese reactions in the living cell. Oxidation-reduction (redox) 
sy.stems give rise to measurable electric potentials that are dependent on the relative 
concentrations of oxidant and reductant in the system. The study of these electric 
potentials is thus of great importance in following tlie nature and course of such 
• reactions. 

The author considers the present volume as the second volume of his work on 
hydrogen ion concentration. The book is divided into two parts: Part l,,on 
physicochemical considerations, deals with the principles underlj'ing the subject of 
oxidation-reduction potentials. Oxidation and reduction are first defined, in accor- 
dance with modern principles, as the loss and gain, respectivel}^ of electrons. The 
author then discusses the therniod}mamic basis for the calculation of electrode 
potentials and shows how this maj' be applied to a number of important inorganic 
and organic oxidation-reduction reactions. In the second part of the book, on 
physiologic applications, the author applies the principles developed and discussed 
in the first section to oxidation-reduction systems found in protoplasm. Such 
systems as the sulphydril (SH) systems, which are exemplified by C 3 'steine and 
glutathione, as well as hemoglobin and its derivatives, cytochrome, etc., are dis- 
cussed at great lenth. The purpose of this book is “to discuss the theoretical 
principles of oxidation reduction potentials” in order that future work in this 
important field might be facilitated. Professor Michaelis points out that “the 
present state of investigation forbids exhaustive discussion of the subject of physio- 
logical applications unless one be willing to risk the danger of involving immature 
topics.” 


Food Poisoning and Food-Borne Infection. By Edwin Oakes Jordan, 
Chairman of the Department of H 3 'giene and Bacteriology, the Universit 3 ' 
of Chicago. Price, $2.50. Pp. 286. Chicago : University of Chicago Press, 
1931. 

This is the second edition of “Food Poisoning,” published in 1917, which has 
been rewritten to include the results of later investigations. A brief enumeration 
of the contents will give an idea of the scope of the book. The first chapter deals 
with the general problem of food poisoning. Then come chapters on food allergy, 
poisonous animals and plants, poisons and harmful substances occasionally intro- 
duced into food by accident, and the deliberative addition of coloring matter or 
prerervatives. There are two chapters on food-borne bacterial infections, with 
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special reference to paratyphoid food poisoning, and a cliapter on animal parasites 
that may enter tlie blood in or on articles of food. The next chapter is devoted 
to the consideration of poisonous products developed in food by bacteria and other 
micro-organisms. In this chapter is discussed the toxic substance produced by 
staphylococci, which has been studied especiallj'- by the author and which probably 
causes food poisoning more frequently than is recognized. The final chapter deals 
with food poisonings of obscure or unknown nature. “There is an important 
residue of une.xplaincd food poisoning that needs further skilled investigation. It 
is one of the objects of this book to point out this need and to draw attention 
to the numerous problems that await settlement. The first step is the regular 
and thorough investigation of every footl-poisoning outbreak.” The book is a 
model of clear and effective presentation. It summarizes exceedingly well the 
knowledge of the problems of food poisoning and its prevention. 



Books Received 


Catalogue of the National Collection of Type Cultures Maintained 
BY THE Council at The Lister Institute of Preventive Medicine, 
Chelsea Bridge Road, London, S.W. Third edition. Medical Research 
Council, Special Report Series, no. 64. Price, 2 shillings net. Pp. 112, London; 
His Majest 3 '’s Stationer}' Office, 1931. 

Report of the Laboratory and Museum of Compaiutive Pathology 
OF THE Zoological Society of Philadelphia in Conjunction with the 
Fifty-Ninth Annual Report of the Society. Pp. 42. 1931. 

• 

Studies of Nutrition: The Physique and Health of Two African 
Tribes. By J. B. Orr and J. L. Gilks (for the Dietetics Committee of the 
Economic Advisory Council). Medical Research Council, Special Report Series, 
no. 155. Price, 2 shillings net. Pp. 82. London; His Alaj'estv’s Stationery Office, 
1931. 

A System of Bacteriology in Relation to Medicine. Medical Research 
Council. Volume 8. Price, per volume, cloth, 1 pound, 1 shilling net. London : 
His Majesty’s Stationery Office, 1931. (This may be obtained from the British 
Library of Information, 551 Fifth Avenue, New York.) 

Researches in British Guiana 1926-1928 on the Bacterial Complica- 
tions OF Filariasis and the Endemic Nephritis with a Chapter on 
Epidemic Abscess -and Cellulitis in St. Kitts, British West Indies. By 
A. W. Grace, M.B., and Feiga Berman Grace. Memoir Series of The London 
School of Hj'giene and Tropical Medicine, no. 3. Pages 75. Price, cloth 10 
shillings, 6 pence; paper, 8 shillings. London: London School of Hj'giene and ’ 
Tropical Medicine. 
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ASSIiAHLATION OF ATLAS AND COMPRESSION 

OF MEDULLA 

THE CLINICAL SIGNIFICANCE AND PATHOLOGY OF TORTICOLLIS AND 

LOCALIZED CHRONIC ARTHRITIS DEFORMANS OF THE SPINE 

REPORT OF A CASE 

istvAn bEzi, m.d. 

BUDAPEST, HUNGARY, AND ROCHESTER, N. Y. 

The uplier 2iai't of the hone-wahed cliannel that contains the niediiUa 
is solid. The lower part, on the contrary, is formed by sejiarate bones — 
the atlas and the axis — and their articulations. As a consequence of the 
anatomic conditions, the channel ma\- he narrowed, especially hy upward 
or backward positional changes of the odontoid process of the second 
cervical vertebra, which forms part of the frontal wall. Lhider normal 
circumstances, these changes in the jiosition of the odontoid process 
occur only hy movement of the atlanto-occipital articulation. This move- 
ment, however, is extremely slight, as shown hy the investigations of 
Virchow.^ The movement is restricted by the resistance of the strong, 
tense ligaments around the articulations. Together with the special 
ligaments of the odontoid process itself, they assure the normal fixation 
of the odontoid process. 

There are many jiathologic changes that may alter the relation 
between the odontoid process and the medulla. This communication will 
deal only with changes in the bone wall of the channel, principally with 
the bones themselves and their articulations, although the latter are of 
less importance. These pathologic changes may be: total or partial 
destruction of the bones or interruption of their continuity. The occipi- 
tal bone that forms the base of the skull, the atlas and the axis may be 
altered separately. But several members of this triad may undergo 
pathologic changes at the same time, and the articulations frequently 
participate in the process. 

REVIEW OF THE LITERATURE 

In the literature of pathology, there are relatively few contributions 
to the knowledge of pathologic changes of the upper vertebral column 

* Submitted for publication, April 9, 1931. 

*From the I Department of Pathological Anatomy of the Pazmany Peter 
University and the Department of Pathology of the IMunicipal Szt. Laszlo Hos- 
pital, Budapest. 

I. Virchow, H.: Arch. f. Orthop. 26:1, 1928. 
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causing compression of the medulla. A review of these actual or possi- 
ble changes, on the basis of general patholog}% is therefore appropriate. 

Acute Suppurative Osteomyelitis . — ^Acute suppurative osteomyelitis 
is limited in three fourths of all cases to a single vertebra. It is, as a 
rule, of metastatic origin and usually occurs in the second decade of life. 
It usually attacks the lumbar vertebrae and rarely those of the thoracic 
portion of the spine. In the case described l)y Donati," it was localized 
in the second and third dorsal vertebrae, with symptoms of compression 
(peripachymeningitis). These symptoms ceased after operation, and 
the patient was cured. Simon’s •* case ended fatally in a few weeeks, 
owing to compressive myelitis caused b)’’ extensive suppurative spondyli- 
tis. For some years the j^atient had chronic coxitis and spondylitis. 
In spite of this, Simon, failing to detect any signs of tuberculosis, 
presumed that a cryptogenic septic infection had followed a fall that 
the patient had received. Recentl)', Berkheiser and Seidler * reported 
cases of acute arthritis of the atlas in children. In one case a roent- 
genogram showed a “strong forward displacement of the atlas — odontoid 
process near the posterior arch. . . . Nevertheless, no signs of 

compression were mentioned. 

Of the inflammatory changes to be considered in this connection, the 
chronic inflammations are the more imjwrtant. While tuberculosis is 
the most common of the chronic diseases of the vertebrae, other chronic 
inflammatory processes have been described. 

Buka reported a case of chronic suppurative panosteitis of the atlas, 
axis and third cervical vertebra caused by a staphylococcus. Purulent 
meningitis caused death. In Meier’s “ case, an extreme blocking of the 
foramen occipitale magnum was produced by luxation of the atlas caused 
by chronic arthritis deformans (polyarthritis chronica deformans). 

Tuberculosis. — Tuberculosis localizes most commonly in the lumbar 
column or in the lowest part of the dorsal column. It causes also caries 
of the cervical vertebrae. In a case of tuberculosis of the atlas, in 
which I performed the autopsy, the jjosterior arch and the lateral masses 
of the atlas were destroyed, and the injury involved all the joints of the 
atlas and axis. The atlas showed forward luxation, and the odontoid 
process had fallen backward and caused a sudden fatal compression of 
the medulla. Vertebral tuberculosis usually starts in the cartilages 
between two vertebrae. According to Brenner,' it is not uncommon in 
adults. Subsequent progression of the process in old, apparently healed, 
sclerotic lesions may make the anatomic diagnosis difficult at times. In 

2. Donati, M. : Arch. f. klin. Chir. 79:1116, 1906. 

3. Simon, A.: Deutsche Ztschr. f. Nervenh. 32:264, 1907. 

4. Berkheiser, E. J., and Seidler, F. : J. A. M. A. 96:517, 1931. 

5. Buka, A. J.: Am. J. Surg. 8:1280, 1930. 

, 6. Meier, E. J. : Schweiz. Arch. f. Neurol, u. Psychiat. 24:303, 1929. 

7. Brenner, F. : Frankfurt. Ztschr. f. Path. 1:293, 1907. 
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such a case, the differential diagnosis will be supported by the finding 
of tuberculous lesions in other organs, especially in the lungs, which are 
almost always affected in cases of vertebral tuberculosis. The pulmonary 
lesions may be old or of the same age as the vertebral lesions. On 
account of the clinical appearance and gross pathology, Stockert ® 
regarded his interesting case of perforating tuberculosis of the base of 
the skull as one of malignant tumor. Histologic studies showed that 
the disease was tuberculosis. Clinically concealed tuberculosis often 
gives rise to spontaneous fracture. 

Syphilis . — Syphilis seldom affects the vertebrae. Jasinski,® review- 
ing the literature, listed the following cases of this disease: ( 1 ) peri- 
spondylitis syphilitica of the cervical column, ( 2 ) osteitis gummosa of 
the first four vertebrae of the neck, ( 3 ) vertebral caries with gummas 
of the muscles, ( 4 ) infiltration around a k3'phosis, gumma of the frontal 
bone and keratitis parench3anatosa and ( 5 ) caries gummosa of the clavicle 
and of the fifth and sixth cervical vertebrae. His diagnosis was sup- 
ported b3'’ the efficac3'’ of specific treatment. In the case of syphilitic 
caries of the second and third cervical vertebrae described by Zische,’® 
the bodies of these vertebrae were pushed out spontaneously through an 
ulcer of the posterior wall of the pharynx. 

Actinomycosis . — The vertebrae of the neck are rarely injured by 
actinomycosis, although this disease, starting in the mouth, not infre- 
quently occurs in this part of the bod3^ Martens described erosion 
and suppurative infiltration of one dorsal vertebra in a case of actino- 
mycosis. This disease, arising probably in the lung, caused a chronic 
pleurisy with abscesses that broke through under the skin of the back. 

Echinococcus . — Echinococcus may destroy parts of vertebrae. In 
the numerous cases of h3'^datid cysts of the vertebral column which have 
been recorded, the compressive myelitis was caused more often b3'- the 
cysts themselves than by displacement of parts of the bones. These 
C3^sts occur most often in the lumbar or in the dorsal parts of the spinal 
column. The cysts are usuall3'^ extradural and rarely develop within the 
substance of the medulla. In Souques’ case, the second lumbar verte- 
bra was partially destroyed. 

Trauma . — External trauma may cause fracture in the upper part of 
the cervical column, while luxation is usually inhibited b3'' the resistance 

of the system of strong ligaments. It is noteworthy that compression 

» 

8. Stockert, W. ; Beitr. z. Klin. d. Tuberk. 5:507, 1906. 

9. Jasinski, R. : Arch. f. Dermat. u. Syph. 23:409, 1891. 

10. Zische, H. : Mitt. a. d. Grenzgeb. d. Med. u. Chir. 22:357, 1911. 

11. Martens: Arch. f. klin. Chir. 66:698, 1902. 

12. Souques, A.: ’ Sitzungsb. d. anat. Gesellsch., Paris 10:27,1893; Centralbl. 
f. allg. Path. u. path. Anat. 5:535, 1894. 
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of the medulla may be caused by the breaking oil of the odontoid proc- 
ess as a result of some extraordinarily strong trauma. The case 
described by Diirck is of especial interest in this connection. It throws 
light on both the pathogenesis of the condition and the extent of the 
alteration of the capacity of the canal necessary to produce compression 
of the medulla. An IS year old girl, who had .suffered a fracture of the 
odontoid process seven years jjreviously while tobogganing, fell while 
dancing. Paralysis occurred rapidly and ended fatally the next day. 
Necropsy disclosed the old fracture of the odontoid process with false 
joints between the anterior arch of the atlas and the broken end of the 
odontoid process. There was contusion of the medulla, but no luxation 
of the atlas. There was secondary degeneration in the anterior and 
lateral p}-ramidal tracts of the lumbar spinal cord. The odontoid proc- 
ess broke off at its base, which is genetically its weakest part, where the 
“dens,” belonging essentially to the atlas, will be connected by bone to 
the body of the second vertebra only at a later stage of development. 
The “dens.” ])ushed backward, rose 7 mm. from the posterior edge of 
the ligamentum transversum into the vertebral channel. (Normal!}', 
according to Dtirckd" the “dens” with the ligamentum transversum has 
a total height of 3 mm.) Diirck^-" considered this backward displace- 
ment a rare event. The broken odontoid process more frequently 
inclines forward, because the joint surface of the atlas tends to slide 
forward on the a.xis. In some cases, during life the odontoid ju'oeess 
may become palpable through the posterior wall of the pharynx. In 
such conditions there is pain on swallowing. In later stages, the odontoid 
process may be thrown out, by sujjpuration. through the posterior 
pharyngeal wall. According to Bayard,’’' fracture of the body of the 
axis occurs much more rarely. 

AHo plasms . — Both malignant and benign growths may narrow the 
bone-walled channel containing the medulla. According to Makrycos- 
tas.’"’ hemangiomas developing within the vertebrae are not infrequent. 
These may so weaken the bone that traumatic or spontaneous fractures 
are easily i^roduced. Tumors arising in the soft parts of the medulla 
itself will not be considered in this discussion. 

author’s case 

An unusual case of assimilation of the atlas with compression of the 
medulla' came under my observation in 1930. Its essential features were 
as follows : 

13. Diirck, H. : Beitr. z. patli. Anat. ii. z. allg. Path. 84:353, 1930. 

14. " Bayard, quoted b}' Diirck (footnote 13). 

15. Makrycostas, K. : Virchows Arch. f. path. Anat. 265:259, 1927. 
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History . — An assistant janitor, 33 years old, had been married six years and 
had one healthy child. During the war he was in the military service. After the 
war he was engaged in selling vegetables and eggs, bringing his supply in small 
quantities to Budapest. His two brothers are living and well. In 1927, during an 
attack of pleurisy, he bad a thoracentesis. Until the onset of the symptoms of the 
condition to be described his wife had not noticed that he held his neck abnormally 
or crookedl 3 \ In 1928, his emploj’er noticed that the patient did not turn his head 
toward a person who addressed him, but changed the position of his body by move- 
ments of his feet. During two j'ears he complained of neck ache when lifting 
anything and often had severe headaches. Two weeks before bis death, he held 
his head inclined to the right and could not turn his neck without difficultJ^ 
During these weeks he vomited frequentlj% and when attempting to move his head 
he felt pain in the suboccipital region. His gait became staggering like that of a 
drunkard, although he did not drink any alcoholic liquors. 

On March 21, 1930, he was sent into the hospital by a physician, with a diag- 
nosis of tuberculosis. At this time he complained of pain in the right side of the 
chest, dizziness, frequent vomiting, stomach ache and loss of appetite. He did not 
have fever. 

On physical examination he was found to be well developed and fairly well 
nourished. The tongue and throat were clean, and the skin was free from any 
exanthem. The right side of the thorax was retracted. There was dulness on 
percussion, and there were diminished breath sounds over the back. On March 
26, 1930, he died suddenly, without any remarkable previous symptoms or special 
examination. The clinical diagnosis was tuberculosis. 

Autopsy . — The body was tliat of a well developed, fairlj'^ well nourished young 
man. There was extensive diffuse lividity of the dependent parts of the bod.v. 
General rigor mortis was present. There were noted ; a definite retraction of the 
anterior and upper part of the right side of the thorax, a somewhat tight cerebral 
dura and a somewhat increased amount of clear fluid between the pia and the 
arachnoidea. After the tentorium cerebelli was cut through and frontal lobes were 
drawn back, a plum-sized, transparent cyst appeared on each side of the medulla. 
Slight impressions on the cerebellum corresponded to these cj'sts. When the brain 
was removed, the cysts collapsed, but when the base of tbe brahi was compressed 
they filled up again. The anterior edge of the cysts reached the seventh and 
eighth nerves; the posterior edge, the first cervical nerve. The cavities of the 
cysts lay beneath the arachnoid. At the bottom of tbe cysts, behind the flocculus, 
the choroidal plexus of the fourth ventricle was found. These cj'sts communicated 
with the fourth ventricle and were nothing more than large dilatations of the 
cysternae pontocerebellomedullares. On the anterior upper surface of the medulla, 
near the bridge, where the substance was definiteh'' softer than the rest, there was 
a slight saddle-shaped impression, the size of a penny (fig. 1.). The meninges 
around the chiasma were somewhat whitish. The fourth ventricle was enlarged, 
with considerable dilatation of the lateral recessus (fig. 2). A sagittal fissure 0.5 
cm. long was found corresponding to the calamus scriptorius. The ependyma of 
the lateral ventricles seemed to be thickened around the blood vessels. The 
impressiones digitatae of the skull were .very deep, and as a result of this, the bones, 
especially tbe squamae temporales, were very thin in places. The diploe of these 
bones were greatly diminisbed, and the bones were translucent. Near the inferior 
margin of the clivus, the dura showed an elevation, the size of half a walnut 
(fig. 3), which seemed on first inspection quite obviously to narrow the foramen 
magnum, especially in the sagittal diameter. The mass producing the elevation 
was immovable and bard, but felt somewhat elastic. After the dura on the upper 
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Fig. 2. — Dilatation of fourth ventricle: S, dilatation of calamus scriptorius. 
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margin of the elevation was cut through, it was found that the mass was not 
solidly connected with the clivus, but reached its posterior margin. The protuber- 
ance, narrowing the foramen magnum and compressing the medulla, could be 
identified as the enlarged odontoid process of the axis. On first impression, the 
enlargement was thought to be a new growth. 

Examination of Bones Around the Medulla . — For the purpose of further 
examination the base of the skull and the first four cervical vertebrae were 
prepared in the following manner: One saw-cut was made through the base of 
the skull in a vertical plane at the tops of the petrous bones. An additional oblique 
cut on each side was made diagonally through the petrous bones from the external 
occipital protuberance. In this manner, the foramen magnum and the bones that 
form the upper part of the vertebral channel were preserved in a block. 



Fig. 3. — Preparation “in block,’’ view from above : C, clivus ; D, protuberance 
narrowing foramen magnum ; M, spinal cord ; H, horizontal cut through membrana 
tectoria. 

Before the deeper muscles of the neck or of the base of the skull were 
dissected, the whole specimen was hardened in 8 per cent formaldehyde. After 
fixation, roentgen pictures were taken. 

The roentgenogram of the sagittal projection showed the bodies of three 
vertebrae (fig. 4). A triangular shadow of the external ■ occipital protuberance 
fell across the lower part of the odontoid process, leaving the upper part of the 
process unobscured. The most striking feature was a bone shadow everywhere 
above the axis, and the outlines of the atlas could not be differentiated. The 
right jugular foramen and the right hypoglossal canal were clearly shown. The 
left hypoglossal canal was less distinct. The basilar part of the skull and 
the inferior part of the sphenoidal cavity were sharply distinguishable. Around 
the top of the odontoid process there was a fairly sharply limited, less dense bone 
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shadow, measuring from 2 to 3 mm., Avhicli became narrow on the left side. On 
the left, near the top of the odontoid process, there was a divided channel 
measuring from 2 to 3 mm. in diameter. Another extraordinary finding was the 
obliquity of the spinal column. The axes of the basal part of the occipital bone 
and of the vertebrae crossed. The former definitely inclined to the right. The 
third pathologic alteration was shown in the roentgen picture of the lateral view 
(fig. 5). Corresponding with the level of the supposed atlanto-epistrophic joint, 
the axis of the vertebrae bent forward, forming an ol)tuse angle of about 120 
degrees, opening forward. The roentgenogram made after the removal of the 



Fig. 4. — Roentgenogram, posterior view : S, sphenoid sinus ; H, hypoglossal 
canal; JUG., right foramen jugulare; D, odontoid process of axis. 

arches of the vertebrae and a part of the back of tbe skull, with the posterior 
margin of the foramen magnum, was more valuable for the study of the con- 
ditions here. This picture definitely indicated absence of the atlas. The axis 
seemed to be joined directly to the skull. The surfaces of the upper articulations 
of the axis were different; the left was concave, while the right was irregularly 
convex. The comparison with the roentgenogram of a normal specimen (fig. 6) 
shoved the h 3 'poglossal canal of the pathologic specimen sunk almost to the level 
of the top of the odontoid process, while in the normal specimen there was a 
difference of 15 mm. between these points. The odontoid process was asymmetric. 



BEZl— COMPRESSION OF MEDULLA 


341 


Its right side, giving a more irregular and dense shadow than the normal, measured 
twice the length of the left side and inclined to the left. The process was a 
rounded cone shape, differing from the normal odontoid which narrows in the 
middle. 

The roentgenograms, therefore, indicated absence of the atlas, or more cor- 
rectly, of the atlanto-epistrophic articulation, and showed that the enlarged 
occipital bone was jointed directly to the axis. There were pathologic changes 
in this articulation. The roentgenograms showed, furthermore, that the vertebral 
column was inclined to the left — or, more correctly, that, with respect to the 



Fig. 5. — Roentgenogram, lateral view; E, axis; II and III, cervical vertebrae; 
O, squama occipitalis. 

vertebral column, the axis of the occipital bone was inclined to the right and 
forward. 

Before dissection of the specimen, movability of the articulation in question 
was tested. Forward and backward flexion could be made easily and more 
extensively than in the normal specimen. Rotation, however, was nearly impossible, 
being much less than in' the normal. Only a minimal change in position could be 
obtained by applying force in a direction imitating a turning of the head to the left. 

The muscles and soft parts were removed for study, without previous 
maceration. They did not show any pathologic changes. The ligamentum 
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loiigitudinale antcrius, corresponding with the atlas and axis, especially at the 
site of the capsule articulares, and the allanto-occipital membranes seemed thicker 
than normal. They were easily removed. After their removal, the condition of 
the anterior surface of the preparation shown in figure 7 (right, normal specimen) 
was displayed. The occipital bone joined directly with the axis. The surface 
of this occipital bone was generally smooth, but on its lower side, parts of tbe 
atlas, sucb as the tuberculuni anterius, and the two under-developed transverse 
processes could be recognired. The vertebral arteries uere found in a normal 
position behind the latter. The divided channel, shown in the roentgenogram, 



Fig 6. — Roentgenogram of normal preparation after the removal of arches of 
vertebrae and squama occipitalis, posterior view; D, odontoid process of axis; 
H, right hypoglossal canal; Jug., right jugular foramen. 

lay above and sliglitly to the left of the tuberculum anterius and contained small 
blood vessels and nerves. The hypoglossal nerves were seen above the origin 
of the small transverse processes. The right articular process of the os occipitale 
sprang forward as a roof, under which the upper right part of the axis was 
dragged (subluxation of the atlas!). Figure 8 showed that the axis of the three 
upper cervical vertebrae and that of the basilar part of the occipital bone in a 
line bisecting the sphenoid bone and passing through the tuberculum atlantis 
anterius crossed and formed an acute angle of from 10 to 15 degrees. In lateral 
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view, the axis of the vertebral column showed the deviation described. The 
vertex of the obtuse angle laj' about at the base of the odontoid process. The 
spines of the first three vertebrae were to be seen to the right. The left arch of 
the axis covered the next arch behind like a roof. The left vertebral artery lay in 
the foramen transversarium of the axis. In posterior view (fig. 9; right, normal 
specimen), the posterior arch of the atlas was completely absent. Enlargement 
or thickening of the posterior margin of the foramen magnum could not be seen. 
The space between the occipital bone and the vertebra (spatium epistropheo- 
occipitale posterius) seemed to be narrower than that of the normal specimen 
(14 mm.). A motion corresponding to anterior flexion of the head greatly 
enlarged this space. The posterior arch of the axis projected backward 0.5 cm. 
over the posterior margin of the foramen magnum. The arch and spine of the 
axis were pushed to the left, and the left arch was thicker than the right. The 
cut end of the right artery lay in the foramen transversarium. After the removal 



Fig. 7. — Anterior view of pathologic specimen (right, normal specimen) : Perio- 
steum almost removed ; 1, tuberculum atlantis anterius ; 2, rudimentary transverse 
process of atlas; XU, hypoglossal nerves; i, unevenness of joint surface; Aj 
atlas; E, axis, II-III-IV, cervical vertebrae; occipito-axial joints opened; S, 
sphenoid sinus. 


of small pieces of tissue from the posterior surface of the odontoid process and 
from a space on the right side showing ballottement, the cavities of the articu- 
lations were found. The roof of the latter articulation was represented by a layer 
of fibrous connective tissue, from 2 to 3 mm. thick, which contained a small 
amount of bone. On the lower, cartilage-covered surface of the odontoid process 
a small cavity of resorption was seen. In the view from above (fig. 10; right, 
normal specimen) after the arches of the vertebrae have been replaced, the clivus 
seemed to be flatter and wider than usual. The odontoid process completely filled 
the anterior dilatation of the foramen magnum. Its highest point, represented by 
structures supposed to be the ligamenta cruciatum and transversum, overlay the 
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lateral margins of the foramen magnum hy from 5 to 8 mm. The anterior part 
of the top of the odontoid process was covered h.v a thin la 3 "er of fat 
tissue, and the narrow bone-walled fissure around the anterior circumference of 
the odontoid was similarl}' filled out Iw fat tissue. In this fat tissue a small vein 
and nerve coming through the small double channel were found. The vertebral 
arteries entered through pores located beside the odontoid process ; the left was 
accompanied b\’ the twelfth nerve; the right had a separate channel 2 cm. behind 
that of the twelfth nerve. Posteriorlj', the uneven bottom of the joint cavitj" 
with two pea-sized elevations covered b\- cartilage was seen. 

The situation of the deeper ligaments after removal of the membrana tectoria 
and ligamentum longitudinale posterius is shown in figure 11 (right, normal 



I ■■ 

Fig. 8. — Anterior view of pathologic preparation after removal of muscles and 
superficial ligaments. An arrow indicates axis of vertebral column ; an interrupted 
line, that of os basale and sphenoid. Note subluxation of right inferior articular 
process of occipital bone. Left joint has been opened. 

preparation). The odontoid process had onlj" one ligament, which was inserted 
m both lateral parts of the anterior dilatation of the foramen magnum. This 
ligament covered the odontoid process like a cap and served as the posterior 
capsule of the joint. It was partialh'^ adherent on both sides, measured from 
1 to 1.5 mm. in thickness and evidently corresponded to the ligamenta cruciatum 
and transversum of the atlas. (The normal sj^stem of ligaments of the atlas and 
axis are seen in the control specimen; thej' are ligamenta cruciatum, ligamenta 
alare, etc.). 

E.vaminafiou of Articulations of the Head . — There was only one articular 
cavity, since both occipito-axial articulations were connected in their lateral and 
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Pig. 9.— Posterior view of pathologic specimen (riglit. normal preparation) : 
B, cartilaginous joint surface of odontoid process; J, opened superior joint cavity 
of axis ; other marks as in figure 7. 



Fig. 10.— View of pathologic specimen from above (right, normal preparation) : 
Periosteum partially removed; C, clivus; D, odontoid process; U, unevenness of 
joint surface. Note flattened shape of clivus in pathologic preparation. 
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posterior parts with the posterior joint cavitA^ of the, odontoid process. On the 
joint surfaces there were large defects in the cartilage. Some smaller areas 
covered with cartilage were irregularl}' elevated, like protuberances. The surfaces 
of the upper articulations of the axis were much enlarged, but were only partially 
covered by cartilage. The defects of cartilage were most conspieuous in the 
posterior parts. In this area pea-sized cartilaginous islands were seen (hgs. 10 
and 11). Both of these articulations were saddle-shaped, with roof like, irregular 
ele\ations in their midfrontal areas. The elevation on the right was larger than 
that on the left. The right joint surface showed near its anteromedial margin 
a bony protuberance with a somewhat uneven surface, the size of a small pea 
(fig. 7). This protuberance coincided with an adequate ditch of the “occipital” 
joint surface, deprived of cartilage. The immobilization of the head might ha\e 
been due chiefly to this pathologic connection of both joint surfaces. The articu- 
lations of the occipital bone, also, had pea-sized defects of cartilage on the lateral 





Fig. 11. — Posterior view of pathologic preparation after removal of arches of 
vertebrae (right, normal preparation) : Deeper ligaments of odontoid process are 
shown; D, ligamentum cruciatum; AL, ligamentum alare; C, clivus; A, atlas; 
E, axis; H-Hl-lV , cervical vertebrae. 


parts of both surfaces. The whole left surface was somewhat smoother than the 
right. The anterior and lateral part of the odontoid process also seemed to be 
covered by cartilage. Nevertheless, it was partiall}' rough, and adherent, especiall}" 
on both sides, to the ligamentum cruciatum. The anterior side had a pepper- 
sized prominence of cartilage in place of the normal joint surface. On the right 
side of this, an irregular ditch of similar size indicated adhesion with the atlas 
part of the occipital bone. Thus only the anterior side and the top of the odontoid 
process failed to be entirely covered by cartilage. To substitute for the destroyed 
cartilage of the articulation there were tonguelike or meniscus-hke soft processes 
of the thickened articular capsule, which ended freelj'' in the articular cavity. 
The largest tongue-shaped process covered a large ulcerated area on the posterior 
margin of the right superior axial articulation. 
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The right inferior articulation of the axis was represented by only a pea-sized 
cartilaginous spot. There was scarcely any cavity here. The left inferior articu- 
lation of the axis, as well as the articulations of the other vertebrae, were entirely 
normal. 

The changes in the size of the foramen occipitale magnum are shown in the 
accompanying table of measurements. As a consequence of its penetration into 
the cavity of the spinal foramen, the odontoid process produced changes in three 
directions, namely upward, backward and somewhat to the left. Measurements 
of the normal specimen are given for comparison. 

Histologic Exciminatiou. — Specimens were taken from the ligament of the 
odontoid process, from the fibrous articular capsule on the right side of the 
odontoid process (see fig. 9), from several parts of the periosteum and joint 
capsules and from the membrana “axo-occipitalis” posterior. Tissue was taken 
also from the second and third segments of the cervical portion of the spinal 
cord, from the right lung and from the right pleura. 

The ligamentum cruciatum showed hyaline connective tissue, with few cells, 
and in some places resembled cartilage. The articular surface was almost devoid 

Siac of the Pathologic Foramen Magnum in This Case Compared zvith the Normal 


Pathologic Normnl 


Diffcrcnco in height between the aiiox ol the odontoid process and the 

incisura marginalis posterior foraminis magni +20 mm. + 2 mm.* * 

Difference in height between the apex of the odontoid process and the 

incisura marginalis anterior 0 — -S mm. 

Ditlercneo in height between the apex of the odontoid process and the 

incisura marginalis lateralis + 4 mm. — 12 mm.t 

Distance between the posterior surface of the cruciform ligament and 

the incisura marginalis posterior 19 mm. 29 mm. 


* When the head is tipped back the posterior margin of the foramen magnum falls from 
1 to 2 mm. below the horizontal line. 

+ This measurement was not taken in a true perpendicular plane, but somewhat toward 
the direction of the lateral odontoid ligament. 

of endothelial cells. In material removed from the capsule of the right occipito- 
axial joint next to the odontoid process, there were particles of real bone contain- 
ing bone marrow in the midst of hyaline connective tissue. Specimens from 
various parts of the capsules, as well as from the periosteum, revealed hyaline 
connective tissue with few cells. The tonguelike, meniscus-shaped structures 
described contained fat tissue and were mostly covered by endothelial cells. 

The central canal of the cervical portion of the spinal cord was greatly 
dilated and had long, bowed, fissure-like processes covered by flattened ependyma, 
extending into both posterior horns (fig. 12). In the central halves of the 
posterior bundles there was extensive destruction of the fatty sheaths, with large 
accumulations of granulated cells. This destruction was especially obvious in 
Clarke’s column, but it was also apparent in the adjoining parts of the gray 
substance. 

The pleura of the right lung showed fibrosis, with occasional small blood 
vessels and capillaries surrounded by an infiltration by round cells. In the sub- 
stance of the lung, the interstitial connective tissue was somewhat increased, and 
the alveoli were partially or totally compressed. There was an accumulation of 
polymorphonuclear leukocytes within the bronchi. 

Pathologico-Anatomic Diagnosis. — The pathologico-anatomic diagnosis was: 
assimilation of the atlas; relative dislocation of the odontoid process backward 
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and upward ; narrowing of tlie foramen magnum due to tliis dislocation ; peculiar 
form of arthritis deformans in the articulations between the first vertebra (axis) 
and tbe skull ; colliciuation of the anterior part of the medulla by pressure of the 
odontoid process; dilatation of the fourth ventricle of the brain and of sub- 
arachnoidal cysts, approximately 1 by 2.5 cm., on each side of the medulla, com- 
municating with the recessus lateralis of this ventricle ; moderate chronic basilar 
leptomeningitis; thinning of the bones of the skull with deep impressiones digitatae ; 
hydromyelocelc below. the level of the compression of the medulla; destruction of 
myelin sheaths with accumulation of granular cells in the Goll-Burdach bundles 
and Clarke’s column ; chronic fibrous plcurisj', on tbe right, with retraction of the 
chest and partial atelectasis of the lung; purulent bronchitis; extreme congestion 
of all the internal organs, especially of the liver, spleen and kidne.vs ; moderate 
distention of the urinary bladder; thick, dark red blood. 



Fig. 12. — Section of second segment of cervical part of spinal cord ; Dilatation 
of central canal (hjnlromyelocele) with long bowed processes into both posterior 
horns covered b}' flattened ependyma. 


COMMENT 

In this case the cause of the sudden death v^’^as the compression of 
the medulla. This diagnosis is supi^orted by the observations at autopsy 
and by the results of histologic examination. The sudden death ma}' 
also be explained by the hydrocephalus internus, vidiich actually seemed 
to be circumscribed, being localized mainly in the fourth ventricle. The 
subarachnoidal cysts might also haA'e caused pressure on the cerebellum 
and medulla. The grade of the hydrocephalus probably fluctuated fre- 
quently, and one has to assume that it had suddenly increased just before 
death. The fluctuation of the hydrocephalus and the development of 



BEZ I— COMPRESSION OF MEDULLA 


349 


pathologic hydrostatic conditions might have lieen caused by the pro- ‘ 
gressing disease, producing a gradual constriction about the medulla. 
The irregular thinning of the bones of the skull is to be considered as 
a result of increased pressure within the cranial cavity for a very long 
time. The finding is of great importance in its bearing on the possibility 
of establishing an acceptable explanation of the origin of the disease. 

The degeneration of the myelin sheaths found in the posterior col- 
umn and in the gray matter of the spinal cord was the result of a long- 
standing narrowing process or of a compression of the cervical spinal 
cord by hydromvelocele. The hydromyelocele was due also to the com- 
pression of the medulla. It is well known that disturbances of the 
circulation of the spinal fluid are important in the pathogenesis of hydro- 
myelocele. The latter may develop in the spinal cord above or below 
the compression. The degeneration of the myelin sheaths about Clarke’s 
column and the posterior cornua might have been produced by the 
pressure of the hydromyelocele. 

The compression of the medulla, therefore, developed slowly as the 
result of a narrowing process of the foramen magnum. The degree of 
narrowing corresponds to the observation of Nonne.^'’’ In his case 
(“malum suboccipitale") tuberculosis had destroyed the joints of the 
atlas and axis. A chronic dislocation developed between the atlas and 
the axis and between the base of the skull and the atlas. The atlas 
fused with the base of the skull, and the axis with the atlas. The atlas 
slid forward and the odontoid process of the axis penetrated into the 
foramen magnum. The posterior rim of the odontoid process, owing to 
the dislocation, came 1 cm. nearer to the posterior arch of the atlas. 
The same dislocations occurred in this case. In Nonne’s case the 
upward dislocation of the odontoid process was 2.5 cm. ; in this case it 
.was 1.8 cm. ■ In Durck’s case the backward dislocation was smaller 
than in this case — the fractured and backward dislocated odontoid proc- 
ess together with the transverse ligament protruded 7 mm. toward the 
spinal canal. Dilrck added that this distance is only a small fraction 
of the sagittal diameter of the spinal canal. However, it is enough to 
cause a mild pressure on the dura and spinal cord. 

The medulla extends from the upper border of the atlas to the 
midportion of the clivus and here lies between the jugular tubercles. 

It is approximately 2.5 cm. in length, its breadth measures from 10 
to 11 mm. below, from 17 to 18 mm. above, and from 9 to 15 mm. in 
the anteroposterior dimension. On the narrowing of the bony channel 
about the lower end of the medulla in Nonne’s case and in this case, 
there remained a space 19 mm. in diameter for the medulla and other 
soft tissues. In Durck’s, case an even larger space remained (22 mm.). 


16. Nonne, M. : Arch. f. Psychiat. 74:264, 1925. 
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Here the medulla measured 10 mm. in diameter. In my opinion, the 
possibility of compression in a given case is dependent not only on the 
thickness of the contained soft tissues, but also on the amount of 
the cerebrospinal fluid accumulated about the medulla. In this case, one 
has to consider also the eflfect of an increased internal pressure on the 
spinal cord caused by the hydromyelocele. Although the examination has 
not been completed, the fact that the h3-drom3'elocele e.xtended as far 
as the medulla was shown 133’- a depression in the calamus scriptorius, the 
latter being a connection between the fourth ventricle and the central 
canal. In this case the two fixed and probabl3’’ constant points, between 
which the compression occurred, were formed by the ujjper posterior 
surface of the odontoid process and the ]3osterior rim of the foramen 
magnum. In the cases described 133' Nonne and Diirck, however, the pos- 
terior arch of the atlas must also be taken into account, although other 
prominences on the canal wall might have caused pressure at different 
points as the position of the head changed. In this case the compression 
was increased when the subarachnoidal cysts on both sides of the medulla 
were completely filled. 

Classification of the Conditions of the Bones Involved . — It is much 
more clifRcult to determine the development of the pathologic condition 
than to determine the primar3’- cause of death. In order to do that, 
several questions have to be answered besides classifying the pathologic 
changes : \M3at is the significance, first, of the pathologic change of 
the atlas, and second, of that of the occipito-axial joint? Furthermore, 
what is the chronological relationship between these two pathologic 
conditions? Were the3’’ caused 133' the same factor, or did the3’’ develop 
separately, from different causes? Finall3', is there an3’- possibilit3’’ of 
a causal relationship between the two pathologic conditions? 

A pathologic union between the atlas and the axis has not infre- 
quently been found. Lombroso found synostosis of the atlas in 0.84 
per cent of the soldiers fallen in the battle of Solferino, while Legge^® 
found the same pathologic condition in 0.64 per cent of 780 cases (cited 
by Sommer . Monteiro and Tavares reported 0.08 per cent occipitali- 
zations among 1,176 craniums. According to newer knowledge this 5301- 
ostosis may be congenital or acquired — the latter being usuall3'^ the result 
of inflammator3’- processes. In such instances certain deformations occur 
on the vertebrae, that is, exostoses, irregular thickenings or 130133^ ridges. 
In other cases, the atlas may grow together with the skull and may 
form a part of the skull without the presence of previous pathologic 

17. Lombroso, C., quoted Sommer (footnote 19). 

18. Legge, F. : Arch, di psichiat. 4:384, 1883. 

19. Sommer, W. : Virchows Arch. f. path. Anat. 119:362, 1890. 

20. Monteiro, H., and Tavares, A.: Compt. rend. Soc. de biol. 99:960, 1928. 
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processes. Kollmann called this union an assimilation, on the basis 
of two of his own cases. In his first case the arch of- the atlas was 
developed, the posterior was thinned out and opened to a distance of 1 
cm. The ventral atlanto-occipitale space became a narrow passage as the 
result of the assimilation. In his second case the assimilation was more 
marked ; a considerable part of the posterior arch was absent. Hayek 
found assimilation of the atlas in human embryos and new-born infants, 
and in animals. In a case of assimilation the axis does not lose its charac- 
teristics ; it is not transformed into air atlas. The observation was also 
made that the third vertebra is not transformed into an axis. In such 
cases the occipital bone has no occipital condyles, but it shows an inferior 
articular facet similar to that of the atlas. 

In this case a congenital, therefore true, assimilation of the atlas 
occurred. This opinion is based on the facts that the rudiments of the 
atlas were very well outlined on the anterior surface of the wall of the 
foramen magnum, that the vertebral arteries had a regular course and 
that the posterior arch of the atlas was completely absent. That the 
thickening of the left arch and spine of the axis was due to the down- 
ward growth of the atlas cannot be considered. By this determination 
one could rule out inflammatory processes and other pathologic changes 
thought of in connection with the question of etiology. Histologic 
examination spoke against pathologic lesions of specific inflammatory 
or other nature. Autopsy did not show any signs of tuberculosis. As 
I have previously mentioned, even in healed Pott’s disease a tuberculous 
focus of similar duration must be present somewhere in the body. By 
ruling out inflammation and by establishing the congenital origin of the 
assimilation of the atlas I also have been able to trace a definite chrono- 
logical order in the course of the deformities found on these bones and 
joints. It would seem reasonable to apply the name “assimilation” of the 
atlas only to congenital cases, while for all others the name “synostosis” 
should be used. 

A synostosis may interfere with a cysternal puncture, as was pointed 
out by Anton and others. This is very unlikely in the case of assimi- 
lation of the atlas, because under such circumstances there is, as a rule, 
an absence of the posterior arch of the atlas, thus facilitating 
puncture. It is a fact, however, that by tipping back the head in this 
case the posterior space between the occipital bone and the axis Avas 
made smaller than the posterior atlanto-occipital space of the control 
specimen. 

• 21. Kollmann, J. : Verhandl. d. anat. Gesellsch. 19:231, 1905; Anat. Anz 
30:545, 1907. 

22. Hayek, H. ; Jahrb. f. Morphol. u. mikr. Anat. 58:269, 1927. 

23. Anton, G. : Deutsche Ztschr. f. Nervenh. 89:2, 1926. 
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On the other hand, if Ijy roentgenogram and jmncture an occlusion 
of the posterior space is detected, according to our present knowledge 
the condition is, most probably, a synostosis, therefore an acquired con- 
dition and not an assimilation. 

Another pathologically important feature of a union of the atlas 
with the occipital hone was pointed out by Anton.--"' He found nine 
cases of epilepsy among thirty-one jjersons showing “cine \'erwachsung 
Oder ganz nahe Kontinuitat des Atlas mit dem Hinterhauptheine am 
Profilrontgenbilde.” In one case, autopsx', it was said, proved the roent- 
gen observations. It must he mentioned that Forster, who was present, 
did not find the pathologic change demonstrated by Anton. 

Bertolotti and Mattirolo reported the occurrence of “congenital 
cranio-vertebral malformation” in three cases of comple.x Friedreich- 
P. Marie disease. The x-ray picture in the first case showed, according 
to the authors, atlo-axial occipitalization and vertical median segmenta- 
tion of the posterior arch of the atlas and furthermore partial axo- 
assimilation of the third cervical vertebra. 

Therefore, the observations made to date do not seem to have proved 
definitely the pathologic importance of the assimilation of the atlas. I 
agree with Hayek -- in this opinion. 

Conditions of flic Join !. — The deformities of the joint corresponded in 
part to those found in chronic arthritis deformans, although they showed 
some essential differences from these. Chronic arthritis deformans may 
develo]) from an acute purulent arthritis, or it may develop in an essen- 
tially chronic manner. In this case, although there were no supporting 
clinical data, one may assume that the empyema that was noted three 
years previously might have caused ixirulent inflammation of this joint 
by metastasis. Purulent arthritis is usually not superficial, hut often 
extends to the outer layers of the membrane of the joint and to the 
periarticular tissues. In the latter instance, an abscess develops about 
the joint. There is frequently a pathologic involvement of the cartilage 
of the joint in cases of purulent arthritis, viz., a necrosis of the cells, 
preceded by fatty degeneration and splitting of the matrix into fibers. 
After the immigration of leukocytes, the cartilage becomes liquid or 
separated from the bone. There develops a sequestering or rarefying 
osteitis in the denuded bone, resulting when completely healed, in 
ankylosis. If the cartilage does not degenerate, as occurs in a milder 
case after the inflammatory process has subsided, the capsule of the joint 
shrivels up, and the result is limited motion (pseudo-ankylosis). The 
purulent inflammation may become chronic. At such times, the inflam- 
mation stops on the development of a bone- forming osteitis fibrosa on 
the denuded joint surfaces, provided death does not ensue or provided 

24. Bertolotti, IM., and Mattirolo, G. : Chir. cl. org. cli movimento 6:253, 1922. 
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the soft tissues are not involved. Thus the denuded joint surfaces grow 
together (true ankylosis). The synovial membrane becomes fibrosed 
and during the granulation the suppuration ceases. 

In this case neither pseudoankylosis nor true ankylosis was present. 
The cavities of the occipito-axial joint were rather wider than normal. 
The synovial membrane did not show inflammatory thickening. Histo- 
logically it was loose and rich in blood supply, and in many places an 
endothelial lining could be demonstrated. I think that a metastatic arth- 
ritis originating from the empyemia that was present three years pre- 
viously may be ruled out on the basis of these findings. 

Three forms of essentiall}' chronic arthritis are distinguished : The 
first, ulcerous arthritis sicca is a disease of old age. Frequently it 
develops in one joint, especially that of the hip ; therefore the name 
“malum coxae senile.” It is not an inflammation, but a disturbance in the 
nutrition of cartilage and bone. The cartilage cells undergo fatty degen- 
eration ; the matrix is split into fibers ; finally it falls apart, and the edge 
or the whole surface of the cartilage becomes ulcerated. The denuded 
bone is transformed into a partly porous, partly sclerotic, substance. A 
thickening of the s)movial membrane occurs, without, however, new 
formation of bone. The second form of chronic arthritis, adhesive 
arthritis (chronic rheumatism) is a disease involving numerous joints. 
Its distribution is similar to that of acute “rheumatism” (acute poly- 
arthritis), and it develops occasionally on the basis of this disease. As 
a rule, however, its onset is insidious from the beginning ; it gradually 
gets worse until the end of life, and in a severe case destroys all the 
joints of the bod}^ The characteristic pathologic changes are: an inflam- 
matory thickening of the capsule of the joint and degeneration of the 
cartilage, which subsequently is replaced by connective tissue. The 
synovial membrane is transformed into a hard, fibrous connective tissue, 
often with the fibrous capsule, ligaments and tendons. The union of the 
capsules obliterates the recesses of the cavity of the joint. There is no 
exudate, the synovia being of an unusually small amount. The degen- 
eration and ulceration are ver)' similar to that occurring in arthritis 
sicca, but in contx'ast with the latter, the degenerated cartilage is replaced 
by connective tissue, which regenerates from the synovial membrane. 
These connective tissues later result in the union of the joint surfaces 
(fibrous ankylosis). Bony tissue may also be formed in this connective 
tissue (osseous ankylosis). Subdislocations of joints of hands and feet 
may occur, with clubbed position ; the corresponding muscles become 
atrophic. A third form, chronic arthritis deformans, is characterized by 
degeneration and atrophy, and on the other hand by a regeneration of 
cartilage and bone. The areas showing much lack of material correspond 
to those subjected to tbe highest pressure. In the areas of the degen- 
erated cartilage the bone becomes sclerotic (through fibrous osteomve- 
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litis) and even may iDecome ivory-like. In either case these areas are 
polished smooth through motion. The rough surfaces of the opposing 
bones make furrows in each other, which are ])arallel in the joints with 
one axis. Independently of this polishing, circumscribed cavities and 
widespread defects develop as a result of subchondral lacunar resorp- 
tion. The head of the joint becomes flat. Simultaneously with the 
destruction of the surface of the joint a widening of the same takes 
place by bulging of the rim of the cartilage (peripheral ecchondrosis — 
Pommer’s “Randwiilste”), in an older case the bulging being caused by 
a periosteal exostosis. Accordingly, the rim of the joint shows similar- 
ities to a mushroom. The capsule of the joint usually jwesents an 
inflammatory thickening, especially at its reflection, d'he thickening 
is due to enlargement of the villi of the joint. The villi grow out to 
long threads, and they may cover the whole surface, or they may be 
found only on the rim of the joint or in the recess of the reflection 
(villose joint, “Zottengelenk”). The hypertrophied villi arc commonly 
made up of connective tissue (“papillary fibroma”), although they may 
contain fat tissue, or even may be formed exclusively by fat tissue 
(“lipoma arborescens”). Villi of the latter type are thicker and more 
bulky than the “fibromas.” During movements they break off easily and 
fall into the cavity of the joint. Bone may also be formed in the villi 
and be torn off', resulting in a so-called “joint mou.se.” Neither exudate 
nor union belong to the picture of chronic arthritis deformans. Accord- 
ing to Pommer,-® the important pathologic indication of this disease 
is the ingrowth of a marrow-containing bone to the rim of the joint 
cartilage, thus giving rise to a so-called “Randwulst.” Chronic arthritis 
deformans occasionally involves numerous joints. In the majority of 
cases, however, only one, especially the hip joint, is aff'ected. This 
monarticular form is often caused by injuries or by excessive use of 
the joint in certain vocations. It may also follow some other inflam- 
matory processes, possibly tuberculosis, and in the latter instance occurs 
in childhood. 

The etiology and pathogenesis of chronic arthritis deformans is 
not full}' understood. According to the functional theory of Pommer 
and Benecke,-® diminished elasticity of the cartilage is the beginning 
change. Schmidt also believed that the cartilage is the seat of the 
primary change. Lang’s opinion was that the greatest importance 
regarding the etiology and pathogenesis should be laid on the mechanical 

25. Pommer, G. : Virchows Arch. f. path. Anat. 219:261, 1915. 

26. Benecke, R. : Fortschr. a. d. Geb. d. Rdntgenstrahlen 33:843, 1925. 

27. Schmidt, M. B. : Handb. d. path, Anat. 2:240, 1928; Centralbl. f. allg. 
Path. u. path. Anat. 41:24, 1928. 

28. Lang, F. J.; Med. Welt 15:557, 1928. 
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and functional injuries affecting the joints. Wagner"'* jDointed out the 
significance of muscular activity. Disturbances of the latter have an 
imjDortant influence on the development of the pathologic conditions of 
the joints. In addition, chronic internal injuries of the joint may also 
act as causes. Heine '*'* did not accept the functional-mechanical theory 
of Pommer and Benecke or the statical theory of Preiser.^^ Heine, 
after various considerations regarding the etiology, attributed much, 
though not the greatest, significance to humoral effects, these being in 
close relationship to heredit}^ constitution and disposition. Conse- 
quently, one meets with widely varying, rather obscure causes in the 
etiology, as well as in the pathogenesis. Axhausen,**" contrary to Pom- 
mer, pointed out the importance of a primary necrosis of the cartilage 
in the development of chronic arthritis deformans. Heine admitted, 
however, that in certain conditions abnormal positions of the joint 
may secondarily induce arthritis deformans and that the former may have 
great influence on the course of a primary degenerative arthritis. There- 
fore, Heine attributed only a secondary importance to the functional- 
mechanical theory. 

In comparing the pathologic changes in this case with those discussed 
in the preceding paragraphs, it becomes evident that the condition here 
cannot be classed with the first two forms of chronic arthritis. It was 
similar to chronic arthritis deformans to the extent that the joint sur- 
faces were enlarged, and that there was more or less lack of cartilage. 
Consequently, the joint surface became very rough, though there was 
an absence of the typical “Randwulst” that occur in classic arthritis 
deformans. The cartilage-covered elevations were not found on the rim 
of the joint, but rather toward the center. They were comparatively 
low and probably were due to a degenerative disappearance of the 
adjacent cartilage. The behavior of the synovial membrane of the capsule 
was also different; instead of “lipoma arborescens,” peculiar meniscuses 
were developed exactly filling out the spaces of the rim that were 
deficient in cartilage. In order to save the specimen, a histologic exami- 
nation of the joints was not carried out. On the basis of the described 
findings, however, I classify the condition as belonging to chronic arth- 
ritis deformans. According to all findings, the changes developed 
secondarily ; thus one is dealing with a secondary arthritis. I expect to 
analyze and discuss the peculiar deformities of the joints in this case 
in the future. A succinct explanation of their development may be given 
as follows: The odontoid process of the axis. abnormally approached the 

29. Wagner, K.; Med. Klin. 23:1258, 1927. 

30. Heine, J. : Virchows Arch. f. path. Anat. 260:521, 1926. 

31. Preiser, G. : Deutsche Ztschr. f. Chir. 89:540 and 613, 1907. 

32. Axhausen, G. : Berl. Idin. Wchnschr. 52:1205, 1915. 
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inccltilla because of the assimilation and ruclimcntaiy development of the 
mass of the atlas. It caused a narrowing of the bony canal from birth. 
This narrowing caused, on tlie one hand, a disturbance of the circula- 
tion of the spinal fluid, increasing intracranial pressure, and, on the 
other hand, compression of the medulla. Jt is probable that the latter 
circumstance provoked the ahnormal position of the head, in consequence 
of which the mechanism of the joints of the head was changed, re.sulting 
in abnormal function. The abnormal function — lack of function, 
specifically — during a period of time caused both the partial destruction 
of the cartilage of the joints and the atro])hy of the hony end-portions. 
Simultaneously with the ])rogrcssive changes in the joints there grad- 
ually developed a diminution of space about the medulla, thus producing 
a vicious circle. Accordingly, in this case the chronic arthritis defor- 
mans was due ])urel\’ to a pathologic change of function — specifically, 
to mechanical-statical conditions. Therefore, one may explain the etio- 
logy of the arthritic condition in this case by the fuctional theory. 

Of the small joints, the right inferior joint surface of the axis was 
diminished, as was the contiguous joint surface of the adjacent ‘’second” 
vertebra. I'he dimini.shed surface might have been caused by the dis- 
location and was probably related to the forward subdislocation of the 
right "occipital” joint surface. In the formation of this joint deformity 
a deviation of the articular proces.ses might have taken a part, or there 
may have been a retardation in the development of this joint. 

The question of why the disease devclo])cd only in the later years 
of life, causing indirectly the death of a .33 year old person, may be 
chiefly answered by a disposition of age. One must also consider 
changes in the circumstances of life (the indigences of war and over- 
work). Heine"” pointed out the importance of heredity, constitution 
and disposition in the obscure etiology of chronic arthritis deformans. 
In this case, however, the constitutional factor, the malformation of the 
bone, seems to have been the most imiJortant. 

Another question requiring an answer is : A\'hat is the explanation 
of the fact that pathologic changes similar to these have not been found. 
In the reported cases (Kollmann and others) anatomic specimens 
were presented, which had previously been macerated, and the past 
history of which was probably unknown. But even these cases differ 
from this one in the degree of assimilation. In the case of Kollmann, 
there was only a partial assimilation, and the bony substance was not 
hindered in develoj^ment. It seems, therefore, that the important factor 
is a considerable degree of assimilation of the atlas and a defective devel- 
opment of the bony mass which may result in compression of the 
medulla. Furthermore, it is also possible that similar cases remained 
obscure because of the difficulty of examination and because of lack 
of reports of similar observations. 
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SUMMARY 

Among the pathologic changes of bones which may cause compres- 
sion of the medulla, the dislocation of the odontoid process of the 
axis seems to be the most important. Observations show that this 
dislocation is mostly caused by partial destruction of the bones around 
the medulla due to inflammation or to trauma. 

According to m}’’ observation, tbe odontoid process may become 
“dislocated” in consequence of an assimilation of the atlas, and may 
cause compression of the medulla. But it seems that the assimilation 
must reach a certain degree, while the mass of the atlas remains under- 
developed. This assimilation of the atlas causes pathologic changes 
similar to those in arthritis chronica deformans, owing to the abnormal 
mechanical-statical conditions. This, therefore, supports the functional 
theory of the etiology of arthritis chronica deformans. The pathologic 
function has to be regarded as secondar}- i. e.. as a consequence of the 
primary constitutional factor — the malformation of the atlas. 

As to the compression of the medulla, the alterations of the articu- 
lations described are of great importance. By their successive develop- 
ment, the volume of the bone-walled channel around the medulla is 
changed accordingly, and in this way a vicious circle arises between 
compression and the conditions in the joint. 

On the basis of this case, and according to the cases published, a 
lethal compression of the medulla ma}' occur when the odontoid process 
is dislocated at least from 7 to 10 mm. backward, and from 18 to 25 mm. 
upward. In considering compression, the development of hydrocephalus 
and hydromyelocele is of great importance. 

As the atlas may be more or less melted together with the os 
occipitale after various inflammatory processes, I would propose that 
the term “assimilation” be reserved for congenital cases, i. e., those 
based on malformation. The adhesions of the bones arising in extra- 
uterine life (in most cases with inflammatory origin) should be called 
“synostosis.” 

Only synostosis may become a hindrance to puncture of the cysterna. 
It is probable that in the case of assimilation, in which, as a rule, the 
posterior arch of the atlas is absent to a greater or less extent, puncture 
of the cysterna is easier. ■ • 

CONCLUSION • 

From the results Of the examination of this case evidence has been 
obtained demonstrating the pathologic importance of assimilation of 
the .atlas and supporting the functional .theory of the etiology of a 
])eculiar form of arthritis chronica deformans; 
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By detailed research, jMcColliini and Simmonds,^ Shipley and Park,- 
and Sherman and Pappenheimer,^ as well as others, haA^e extended 
knowledge of experimental rickets in rats. In the course of their nutri- 
tional studies on the formation of bone they succeeded in proving that 
the ratio of calcium to phosphorus, within certain limits, is of greater 
importance than the absolute amounts. If the ratio is ideal, i. e., a 
relative excess neither of the one nor of the other, a comparatively small 
amount of vitamin D will insure normal skeletal development. On the 
other hand, if there is a relative excess of phosphorus over calcium, or 
vice versa, small amounts of vitamin D cannot prevent severe distur- 
bances of the bones. 

Flowever, by compensating for the relative lack of calcium or phos- 
phorus or by increasing the amount of vitamin D in the diet, normal 
formation of bone could be induced. In other words, vitamin D is able 
to compensate, in part at least, for the disproportion of the mineral 
salts. Abnormal bone is formed when these three factors are altered, 
and the typical picture of true human rickets is produced when there 
is an improper ratio of calcium, to phosphorus in the absence of vita- 
min D. Many articles have been written describing the several diets 
that will produce these severe changes in the bones, and of especial 
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interest are McCollum’s diets 3127, 3133, and 3143. These are set 
forth in the table. 

Diet 3127 is deficient in phosphorus and is practically free from 
vitamins A and D. It contains adequate protein, and the amount of 
calcium is close to the optimum. When young rats are fed on this 
diet, they grow for a short .time, depending on the amount of vitamin 
A stored in their livers ; then severe ophthalmia and rickets develop and 
the rats die early. 

A small change in the diet, the addition of a little butter fat, is 
sufficient to improve the curve of growth and to retard the development 
of the disease of the eyes. This occurs with diet 3133; it produces a 
more characteristic picture of rickets, as the animals live longer. 

Diet 3143 resulted from a study to find the relation of phosphorus 
to rickets. There is sufficient vitamin A to prevent sore eyes and to 


McCollum’s Diets for the Production of Severe Changes in the Bones 


Diet 3127 


Diet 3133 


Diet 3143 


Rolled oats* 

. . 40.0 

Rolled oats* 

.. 40.0 

Wheatt 

.. 33.0 

Gelatin 

. . 10.0 

Gelatin 

. 10.0 

Maize (yellow) 

.. 33.0 

Wheat gluten 

.. 7.0 

Wheat gluten 

. 7.0 

Gelatin 

. . 15.0 

Sodium chloride 

.. 1.0 

Sodium chloride 

. 1.0 

Wheat gluten 

. . 15.0 

Potassium chloride 

.. 1.0 

Calcium carbonate 

. 2.0 

Sodium chloride 

.. 1.0 

Calcium carbonate 

.. 2.0 

Potassium chloride 

. 1.0 

Calcium carbonate 

.. 3.0 

Co.x’trin 

. . 39.0 

Dextrin 

. 38.5 





Butter fat 

.. 0.5 




* Finely ground. 

t Wheat and yellow corn finely ground. 


induce fair growth ; the diet is low in phosphorus and high in calcium 
and has sufficient vitamin B and sufficient vitamin G to prevent beriberi 
and pellagra. This diet contains no vitamin D. It produces enough 
growth to make a wide metaphysis free from calcification, and rachitic 
lesions best suited to histologic study. 

According to Shipley and Park,- young rats fed diet 3143 show some 
changes in their movement after from eighteen to twenty days, wdren 
kept in a dark or a semidark room. They no longer walk in straight 
lines, but stagger from side to side. Frequently weakness of the hind 
legs develops that may lead eventually to definite paralysis. The first 
signs of impaired movement are simultaneous with characteristic changes 
in the bones. 

Shipley and Park used for their microscopic examinations the distal 
end of the femur and the proximal end of the tibia. In normal bones 
the epiphysis is separated from the diaphysis by a distinct straight line. 
In rickets this demarcation is ragged and may be of diagnostic value. 
Diet 3143, the “line test diet” produces a typical line, which is free from 
calcification and thus can be used to test substances for their vitamin D 
content. Shipley and Park showed that the nature of the changes 
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induced is not constant, and that the x-ray picture cannot give the 
desired information ; therefore a histologic study of the long bones is 
essential. 

Three types of changes are produced in the growing skeleton; (1) 
ty])ical rickets, (2) atypical rickets and (3) osteoporosis. 

Typical experimental rickets presents, the microscopic picture of 
human rickets ; that is, osteoid margins, increased depth and length of 
the epiphyseal cartilage, irregular vascularization in the cartilage and 
meta])lasia of the latter to osteoid tissue. The rachitic zone between the 
cartilage and the bone devclo])S in the same manner as in human beings. 

.•\typical rickets differs in that the changes are not so pronounced, 
and occasionally there is partial calcification, while heavy osteoid mar- 
gins are found on the bone trabeculae. Sometimes the picture of 
o.steoporosis is combined with that of rickets. 

Shipley and Park in their hi.stologic examination of rachitic material 
did not describe the elfects on the jaw bones and teeth. A description 
of macroscopic conditions of the teeth and mouth has been given by 
Grieves.* This did not permit an analysis of the histologic changes in 
either the teeth or the jitiradentium of these rats. 

Since a tooth arises from the epithelial and mesenchymal tissues 
(enamel and dentin), it would seem to be an ideal medium for the 
study of the calcification and develojmicnt of hard substances. Dr. 
E, iMcCollum has put the ‘‘fixed” skulls of a large series of these 
experimental rats at our di.spo.sa!, enabling us to complete the histologic 
picture of experimental rickets and to describe the involvement of the 
teeth and of the surrounding tissues. 


^rATBRi.xr, 

The upper and lower jaws of twenty-one rats were e.xamined. All 
these animals had been on the line test diet. 3143, for from seven to 
forty-two days. Their growth was fairly satisfactory, the animals being 
about 25 days old when first placed on the diet. In order to study the 
sequence of the effects of the diet on the development of the teeth, 
groups of three animals each were examined, which had been seven, 
fourteen, twenty-one, twenty-seven. twent 3 ’-eight. thirt 3 ’-five and forty- 
two da 3 ’s on the diet. 

HISTOLOGIC EXAMINATION 

The histologic examination revealed distinct changes in the dentin, 
which increased during the course of the experiment. The photomicro- 
graphs reproduced here are all of the same magnification to facilitate 
orientation (except figs. 7 , 12, 16 and 17). The 3 f represent t 3 qDical 

4. Grieve.s, C. J. : The Effect of Defective Diets on Teeth, J. A. M. A. 79: 
1567, 1922. 
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stages of dentinal development as found in - the incisors of each group. 
The molar teeth could not be used as well for this examination, as they 
are not of continuous growth and had almost completed their growth at 
the time the experiment began. There were, however, several items 
of note in the molar area as described later. 


i 






I 




I*, .5 






Fig. 1. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
seven da 3 's : a, normally calcified dentinal matrix; b, zone of irregular globular 
calcification ; c, demarcation line ; d, calcoglobuli ; c, predentin ; O, odontoblastic 
laj'er; E, enamel; U E E, united enamel epithelium. The specimen (1205 A) 
was embedded in a collodion preparation and stained with hematoxylin-eosin ; Leitz' 
objective; apochromatic lens, 16 mm; e 3 'epiece, 4 X; extension 6f camera, 80 cm.; 
reduced from a magnification of 150:1. ) 
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The incisors were cul lengthwise in such a manner that central 
longitudinal sections from the crown through the apical foramen were 
available for examination. The photomicrographs were taken at the 
same distance from the apical foramen and on the buccal surface of the 



Fig. 2. — Incisor of rat that liad been on rachitic diet 3143 (McCollum) for 
fourteen days: a, normally calcified dentinal matrix; h, zone of irregular globular 
calcification; d, calcoglobuli ; c, predentin; x, group of atrophic odontoblasts; 
y, group of vital, well-stained odontoblasts; E, enamel, fallen out in decalcifica- 
tion; U E E, united enamel epithelium. The specimen (1217 A) was embedded 
in a collodion preparation and stained with hematoxylin-eosin ; Leitz objective; 
apochromatic lens, 16 mm. ; eyepiece, 4 X ; extension of camera, 80 cm. ; reduced 
from a magnification of 150:1. 
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tooth in order to compare the changes more accurately. Serial sections 
were cut from all blocks. 

Because of the normal nutrition during the first twenty-five days, a 
zone of uniformly calcified dentin is visible histologically in all animals. 
This layer has been denoted as a in all figures. 



Fig. 3. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-one days : x, group of atrophic odontoblasts ; 3 ', deeper stained, vital 
odontoblasts, with corresponding continued calcification. The specimen (1222 B) 
was embedded in a collodion preparation and stained with hematoxylin-eosin ; Leitz 
objective; apochromatic lens, 16 mm.; e 3 'epiece, 4 X; extension of camera, SO cm. ; 
reduced from a magnification of 150:1. 
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After seven days (fig. 1) it can be seen that another fairly well cal- 
cified dentinal layer, h, exists in contact with the normal zone a. There 
is a definite line, c, between these two zones. Layer b is’ not straight 
as under normal conditions, due to an irregular, globular calcification, 



Fig. 4. — Incisor of rat tliat had been on rachitic diet 3143 (MeColIuin) for 
twenty-se\en days: a, normally calcified dentinal matri.x; b, zone of irregular 
globular calcification ; c, predentin ; v, included blood vessels ; Vi, included blood 
vessel, with obliterated distal end ; O, odontoblasts ; E, enamel. The specimen 
(1234 A) was embedded in a collodion preparation and stained with hematoxyliii- 
eosin; Leitz objective; apochromatic lens. 16 mm.; ej^epiece, 4 X; e.xtension of 
camera, 80 cm. ; reduced from a magnification of 150:1 
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d. The ])redcntinal layer, r, is alinonnally wide. The odontoblasts are 
in normal arrangement and seem to he of equal vitality. 

After fourteen days (fig. 2), it can be recognized that the pre- 
dentinal layer is a great deal wider. The irregularly calcified zone, h. 



Fig. 5. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-seven days : a-, normally calcified dentinal matrix ; b, zone of irregular, 
globular calcification ; c, predentin ; x, advanced areas of degeneration in odonto- 
blastic layer; v, included capillaries; O, odontoblasts; E, enamel. The specimen 
(1234 A) was embedded in a collodion preparation and stained with hematoxylin- 
eosin; Leitz objective; apochromatic lens, 16 mm.; eyepiece, 4 X; extension of 
camera, 80 cm.; reduced from a magnification of 150:1. 
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is more pronounced, 'fhe odontolila.stic layer is well stained, except for 
several definite areas, as at .r. The odontoblasts in this area seem to be 
in a state of complete exhaustion ; this might exjilain the stopping of 
the calcification in the adjacent dentinal matrix. These odontoblasts are 
in contrast with the deeply stained ones at y, with a corresponding con- 
tinuation of calcification, d'he widening of the predentinal layer sug- 
gests that the matrix has continued to form at the normal rate, hut that 
the calcification has slowed down. 

Figure 3 apparently shows the .same conditions further advanced 
after twenty-one days, ddie predentinal layer is about the same width, 
but involvement of the odontoblastic layer is greater. Areas of well 
stained odontoblasts alternate with others poorly stained ; and corre- 
sponding to these areas are. alternately, zones where calcification has 
continued and others where it has been stopjied for some time. 

Figures 4 and 5 are taken from the same specimen, from a rat that 
had been for twenty-seven days on the diet. Figure 4 shows an area 
incisal to the typical position. The latter is shown in figure 5. Virtually 
the same disturbances in calcification arc shown in both pictures. It 
can be observed that the zone of irregular globular calcification in figure 
4 is considerably wider and the jjrcdcntinal layer much narrower than in 
figure 5. Blood corpu-scles arc plainly seen in the included vessels 
found in the ])redcntin of both areas. This indicates that they were 
active at necropsy. These capillaries, which can be traced directly from 
the pul]), are found in greater numbers as one advances toward the 
apex. The vessel z\, in figure 4, is obliterated at its distal end. which 
probably accounts for the calcification in close proximity to that portion 
of it. 

In figure 5 the odontoblasts are seen to be in a more advanced stage 
of degeneration than those shown in figures 2 and 3. This degenera- 
tion is uniform in figure 4, whereas in figure 5 it has affected small alter- 
nate groups. Adjacent to these most advanced areas of degeneration an 
apparent ingrowing of capillaries is observed. This was first described 
by Erdheim.''"' 

Marked disturbance in the fonnation of the dentin matrix is found 
after twenty-eight da 3 ’s (fig. 6). J\Iany capillaries are included in the 
matrix. A definite border is no longer found at the edge of the pre- 
dentin. As a result the odontoblasts have a wavy, irregular appearance 
instead of their usual parallel arrangement, and show definite pathologic 
changes. An almost complete loss of staining' power is noticed, and 
they can hardly be differentiated from other cells of the pulp. An 

5. Erdheim, J. : Frankfurt. Ztschr. f. Path. 7:175, 1911: Denkschr. d. k. 
Akad. der Wissensch.. Math.-naturw. Klasse. 1914, vol. 90; Mitt. a. d. Grenzgeb. 
d. Med. u. Chir., 1906, vol. 16. 
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increased number of vessels run into the predentin in an irregular 
manner, and are there inclosed by the ground substance. It seems as 
if the degeneration of most of the odontoblasts had started early, and 
that only a few have continued active. For instance, at f (fig. 6), 
several places are seen where the formation of ground substance has 



Fig. 6. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-eight days: a, normally calcified dentinal matrix ; c, predentin; t, areas of 
prolonged formation of ground substance and Tomes’ fibrils; v, included capil- 
laries; O, layer of odontoblasts, greatly disorganized; E, enamel. The specimen 
(1258 A) was embedded in a collodion preparation and stained with hematoxylin- 
eosin; Leitz objective; apochromatic lens, 16 mm.; e 3 'epiece, 4 X; extension of 
camera, 80 cm.; reduced from a magnification of 150:1. 
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continued, with distinct formation of Tomes’ “ filndls. Adjacent to 
these areas the inclusion of capillaries may be noted, probably because 
no ground substance was formed. 

Figures 7, 8 and 9 show that these changes are not always ])roduced, 
even under similar nutritional conditions. These photomicrograjdis are 



Fig. 7. — Incisor of rat that had been on racliitic diet 3143 (McCollum) for 
twenty-eight days ; x, group of atrophic odontoblasts ; y, group of vital, well 
stained odontoblasts. The specimen (1261 A) was embedded in a collodion 
preparation and stained with hematoxylin-eosin ; Leitz objective, 1 b; eyepiece, 
4 X ; extension of camera, 80 cm. : reduced from a magnification of 55 : 1. 


6. Tomes, Charles: Deutsche Vrtijschr. f. Zahnh., 1878, no. 2, p. 159. 
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taken from animals that were also on the rachitic diet for twenty-eight 
clays. Included vessels are not found in the predentin. In these speci- 
mens the intermittent degeneration of the odontoblasts, .r, with a corre- 
sponding cessation of calcification, is conspicuous. In some places where 
the odontoblasts are still vital, y, and stain intensely, globular calcifica- 
tion has continued. 



Fig. 8. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-eight days : .r, group of atrophic odontoblasts and cessation of calcifica- 
tion; y, group of vital odontoblasts and continued calcification. The specimen 
(1261 A) was embedded in a collodion preparation and stained with hemato.xylin- 
eosin; Leitz objective; apochromatic lens, 16 mm.; eyepiece, 4 X; e.xtension of 
camera, 80 cm.; reduced from a magnification of 150:1. 
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The pathologic changes of the odontoblastic layer in this animal 
have not progressed so far as in the animal of figure 6, although both 
were on the diet for twenty-eight days. 

Figure 10 shows an area of hypoplasia of enamel. This was seen 
only in animals that had been on diet 3143 for at least twenty-eight 



Fig. 9. — Incisor of rat tliat had been on racliitic diet 3143 (McCollum) for 
twent 3 '-eight da 3 's : .v, group of atrophic odontoblasts ; 3 ’, group of vital odonto- 
blasts. The specimen (1262 A) was embedded in a collodion preparation and 
stained with hemato.x 3 din-eosin ; Leitz objective; apochromatic lens, 16 mm.; e 3 'e- 
piece, 4 X; extension of camera, 80 cm.; reduced from a magnification of 150:1. 


days. Ameloblasts in their typical form are not visible in the hypo- 
plastic area. jMore detailed description of this condition will be given 
in a subsequent report. 
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The changes after thirt}’-five days of the diet are not essentially 
different from those after twenty-eight da)'s. As may be seen in 
figure 11, the involvement of the odontoblasts and the consequent cessa- 
tion of calcification in the predentin are present. 

Figure 12 is near the incisal edge; figure 13 is a higher magnification 
of the same area, and figures 14 and 15 are closer to the apex of the same 



Fig. 10. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-eight days: h, area of hypoplasia of enamel; E, enamel; U .E E, united 
enamel epithelium. The specimen (1262 B) was embedded in a collodion prepara- 
tion and stained with hemato.xylin-eosin ; Leitz objective; apochromatic lens, 16 
inm. ; eyepiece, 4 X extension of camera, 80 cm. ; reduced from a magnification 
of 150:1. 
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The pathologic changes of the odontoblastic layer in this animal 
have not j^rogressed so far as in the animal of figure 6 , although both 
were on the diet for twenty-eight days. 

Figure 10 shows an area of hypoplasia of enamel. This was seen 
only in animals that had been on diet 3143 for at least twenty-eight 



Fig. 9. — Incisor of rat that had been on rachitic diet 3143 (l^IcCollum) for 
twent 3 '-eight da 3 -s : .r, group of atrophic odontoblasts ; y, group of vital odonto- 
blasts. The specimen (1262 A) Avas embedded in a collodion preparation and 
stained with hematoxylin-eosin ; Leitz objective; apochromatic lens, 16 mm.; e 3 ^e- 
piece, 4 X; extension of camera, 80 cm.; reduced from a magnification of 150:1. 

daj’S. Ameloblasts in their tyifical form are not visible in the hypo- 
plastic area. l\Iore detailed description of this condition will be given 
in a subsequent report. 
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The changes after tlhrty-five clays of the diet are not essentially 
different from those after twenty-eight days. As may be seen in 
ffgure II, the involvement of the odontoblasts and the consequent cessa- 
tion of calcification in the iDrcdentin are present. 

Figure 12 is near the inci.sal edge; figure 13 is ti higher magnification 
of the same area, and figures 14 and 15 arc closer to the apex of the same 



Fig. 10.— -Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-eight days; h, area of hypoplasia of enamel; E, enamel; V .E E, united 
enamel epithelium. The specimen (1262 B) was embedded in a collodion prepara- 
tion and stained with hematoxylin-eosin ; Leitz objective; apochromatic lens, 16 
inm. ; eyepiece, 4 X; extension of camera, 80 cm.; reduced from a magnification 
of 150:1. 
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tooth, all from an animal that had been on a rachitic diet for forty- 
two days. In the upper part of figure 12 conditions arc similar to those 
described in figure 4. However, the zone of jircdentin is smaller. It 
seems as if the calcification of the predentin has started again after an 
interval of only partial or spotty deposition. This is shown by the for- 



Fig. 11. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
thirty-five days : c, predentin ; x, group of atrophic odontoblasts ; y, group of vital 
odontoblasts; E- enamel; O, odontoblastic layer. The specimen (1273 A), was 
embedded in a collodion preparation and stained with hematoxylin-eosin ; Leitz 
objective; apochromatic lens, 16 mm.; eyepiece, 4 X; extension of camera, 80 cm.; 
reduced from a magnification of 150:1. 
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mation of the dense homogeneous layer, f, following the zone of irregular 
calcification, b. At the higher magnification this can be seen clearly. 
The darker staining at y shows regeneration and is accompanied by 
renewal of calcification, between areas of exhausted odontoblasts and 
spotty deposition. Figures 14 and 15, taken further apically, show that 


I" tth 




Fig. 12. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
fortj'-two days; a, normally calcified zone; b, zone of irregular globular calcifica- 
tion; layer of new homogeneous calcification; y, vital odontoblasts. The specimen 
(1282 A) was embedded in a collodion preparation and stained with hematoxylin- 
eosin; Leitz objective, 1 b; ej'epiece, 4 Xl extension of camera, 80 cm.; reduced 
from a magnification of 55:1. 
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the degeneration is more uniform, and that a large number of capillaries 
are included in the matrix. 

It has been mentioned before that the greater portion of the molar 
teeth of the rats had been formed when these animals were jrlaced on 
the diet. Some distinct dififerences are found, however, when figure 16 



Fig. 13. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
fort 3 f-two daj's : a, normallj- calcified zone ; b, zone of irregular calcification ; /, 
layer of new homogeneous calcification ; y, group of vital odontoblasts. The 
specimen (1282 A) was embedded in a collodion preparation and stained with 
hematoxjdin-eosin ; Leitz objective; apochromatic lens, 16 mm.; ej^epiece, 4 Xl 
extension of camera. 80 cm.; reduced from a magnification of 150:1. 
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(taken after seven clays) is compared with figure 17 (taken after twenty- 
seven clays). Botli pictures have been made at the same magnification, 
86:1, as that of the first molars of animals from these groups. Com- 
plete growth of tooth and bone had not taken ])lace at the end of the 
predict period of twenty-five clays. The distinct osteoid, dcntinoicl and 



Fig. 14. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
fortj’-two da}"s ; b, zone of irregular calcification ; v, included blood vessel. The 
specimen (1282 A) was embedded in a collodion preparation and stained Avith 
hematoxylin-eosin ; Leitz objective; apochromatic lens, 16 mm.; eyepiece, 4X; 
extension of camera, 80 cm.; reduced from a magnification of 150:1. 

cementoid margins are seen in both cases, but appear more pronounced 
in figure 17. The root in figure 17 is considerably longer, although the 
diameter is the same in both specimens. The width of the predentinal 
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membrane at the crest of the alveolar ridge has been reduced by con- 
tinued growth of osteoid tissue and the length of the apical jjredentin, 
measured from the lowest jjoint of calcified dentin to the apex, is almost 
twice as great in the older animal. 

This might indicate continued rapid growth of dentinal matrix in 
the apical direction. The same increa.se of o.steoid tissue is also to be 
noticed at from r to s, figures 16 and 17. Concerning the dcvelo])ment 



Fig. 15. — Incisor of rat that had been on rachitic diet 3143 (McCollum) for 
foit\-t\\o days: c, predentin; v, included vessel. The specimen (1282 A) was 
embedded in a collodion preparation and stained with hematoxylin-eosin ; Leitz 
objective; apochromatic lens, 16 mm.; ejx-piece, 4X; extension of camera, 80 cm.; 
reduced from a magnification of 150: 1. 


and calcification of the dentin in molars, it can be said that after twenty- 
seven days the calcified area, as well as the predentinal layer, is much 
wider, with a consequent narrowing of the pulp. 
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The iM-esentalion of more pictures of molar teeth is unnecessary 
since all specimens from animals on the diet for a period longer than 
twenty-seven days showed results similar to those that appear in fig- 
ure 17. This seems to indicate that the molars slop growing in rats 
at about the fiftieth day of life. 



Fig. l(x — Molar of rat that had been on rachitic diet 3143 (McCollum) fo; 
seven days: r, limit of normal formation of bone; s, osteoid tissue. The speci 
men (1206 B) was embedded in a collodion preparation and stained with hema 
toxylin-eosin ; Leitz objective, 1 b; eyepiece, 8X; extension of camera, 62.5 cm. 
reduced from a magnification of 86:1. 
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Fig. 17. — Molar of rat that had been on rachitic diet 3143 (McCollum) for 
twenty-seven days; r, limit of normal formation of bone; s, osteoid tissue. The 
specimen (1249 B) was embedded in a collodion preparation and stained with hema- 
toxjdin-eosin ; Leitz objective, 1 b; ej^epiece, 8 X; extension of camera, 62.5 cm.; 
reduced from a magnification of 86; 1. 
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co:>rMEKT 

That rickets retards the eruption of teeth and interferes with their 
develo])inent is widely recognized. The conception that hypoplasia of 
enamel occurs only on a rachitic base is no longer tenable (Fleisch- 
mann '). However, notwithstanding the many publications on the sub- 
ject, the histogenesis of hypoplasia of enamel is still a subject of 
controversy.'^ 

On account of the similarity in origin and development between bone 
and dentin, we should exjDcct in experimental rickets to find in dentin 
changes similar to those in bone. It has been shown that there is a 
disturbance, or lack of deposition of lime, in dentin, while the matrix 
is formed normally. Little has been written concerning the role of 
the odontoblasts and the local causes of faulty calcification in rickets. 

In order to understand pathologic features in the formation of 
dentin, it seems pertinent to review the process of its calcification under 
normal conditions and the role of the odontoblasts in this process. In 
this way we shall assemble better our knowledge and ideas concerning 
the clinical and histologic picture of the pulp and of the dentin in rickets. 

Orban ” gives a concise summary of what is known regarding the 
formation of predentin and of the origin and chemical nature of von 
Korff’s fibers. According to him, these originate in the pulp tissue 
and by a chemical transformation are changed from argyrophil to colla- 
genous fibers. 

It seems to be the general conception that the odontoblasts take 
part in the formation of the matrix by the secretion of the interfibrillar 
substance (cementing or ground substance). This organic matrix grad- 
ually calcifies from the periphery toward the pulp. It is pierced by 
parallel tubules that extend from the pulp to the outer border of the 
dentin and contain prolongations of the protoj^lasm of the odontoblasts 
(Tomes’ processes). Calcification begins around these processes in the 
form of spherical masses, calcospherites, which gradually fuse, forming 
a solid mass. 

As to the exact mode and channels of secretion of the lime salts 
in dentin, Mummery stated : 

7. Fleischmann, L. : Arch. f. mikr. Anat. u. Entwckingsgescli. 68:297, 1906; 
Verhandl. d. 5 Internat. zahnarztl. Kong., Berlin, 1909. 

8. This question will be discussed in a later paper on the basis of this 
material. 

9. Orban, B.-: Dental Histology and Embryology, ed. 2, Philadelphia, P. 
Blakiston’s Son & Company, 1929; J. Am, Dent. A. 9:1547, 1929. 

10. Mummer}^ J. H. : The Microscopic and General Anatomy of the Teeth, 
ed. 2, Oxford Medical Publications, New York, Oxford University Press, 1924- 
Phil. Tr. Roy. Soc. Med. 182:527, 1891. 
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We know that the deposit takes place not in direct contact witli the odonto- 
blasts, but gradually advances from above upon the odontogcnctic zone. Tliis 
would suggest that the lime salts pass by dialysis from the tubes of the dentin, 
containing the protoplasmic prolongation of the secretory odontoblast cell, into 
the dentinal matrix, and the minute subdivisions of the tubes with their proto- 
plasmic contents would afford a very enicient means of distribution of the calcify- 
ing substance within the matrix. It is dillicult to explain the deposit of the lime 
salts at a distance from the odontoblastic cell itself, unless we consider that the 
dentinal fibril which is an extension of the cell itself takes an active part. 

Erdheim,^^ in his classic publication descrihin.^ the teeth of rats 
after extirj^ation of the ])arathyroids, exj^ressed himself full}’ about the 
changes in dentin. From his work it can be seen that the environment 
of the dentinal tubules is the most active area of the deposition of lime. 
It is here that deposition begins and it is here that lime remains most 
highly concentrated. The })roximity of d'omes’ fibrils seems to have 
an influence on the lu’ocess of calcification. One gains the impression 
that the odontoblast takes care of the importation of lime. In this they 
act in direct contrast to the blood capillaries, which occasionally extend 
far into the dentin. Around such vessels calcification does not take 
place. The chemism of the odontoblast, with its ])rolongation into the 
tubule, is without doubt, exactly opposite to that of the blood capillaries. 
If the odontoblast controls the importation of lime, in the last analysis 
it obtains the salts from the blood; but the direct presence of blood 
does not permit calcification ; rather it hinders this. 

The deposition in direct proximity to the dentinal tubules reminds 
one of the homologous conditions in bone. Pommer described thor- 
oughly a similar action of the deposition of lime in relation to the 
direct environment of the canals in bone. The conditions near areas 
of active circulation are unfavorable for the deposition of lime. Only 
at some distance, where the circulation is slower, are conditions favor- 
able for calcification (Kassowitz’^ and Pommer^-). This is true of 
dentin, as well as of bone. Because of the high vascularity of the pulp 
and of the odontoblastic layer, the zone of dentin nearest the pulp 
remains free from calcium under normal conditions. Only at some 
distance from the odontoblastic layer does the dentin calcify. By growth 
in length, as well as in breadth, the dentinal layers are removed suffi- 
ciently from the region of active circulation and thus calcify. 

11. Erdheim (footnote 5, first reference). 

12. Pommer, G. ; Untersuchungen fiber Osteomalazie nnd Rachitis. Leipzig, 
F. C. W. Vogel, 1885. 

13. Kassowitz, M.; Med. Jahrb.. 1879. p. 145. 
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The role of the odontoblasts in this process, as Mummery men- 
tioned, has not been definitely determined. In discussing the observa- 
tions of this author, Tomes stated; 

If the dentin matrix is formed in a connective tissue basis, it becomes a ciuestion 
of wliat sliare tbe odontoblasts take in the process. It may be taken as certain 
that the odontoblast is concerned in the development of the dentinal tubes ... by 
its process, . . . and it seems as if the same odontoblast forms the whole length 
of the fibril, itself receding backward as the dentin grows. It becomes doubtful 
if the odontoblasts alone are concerned in elaborating the calcifying material, . . . 
it (is) probable that they are active agents in the development of the dentin 
and it is certainly known that the dentinal tubules are not formed in their absence. 

In other words little has been proved as to the role of the odonto- 
blasts in the formation of predentin or as to their function in calcification. 

Orban,*' in his recent article on the development of dentin, quoted 
the following statement from Jas.swoin.’^ “The odontoblasts already 
developed do not produce fibers but may play a role in the metabolism 
of the dentin and jirobably in its calcification.” 

Orban himself said: “The interfibriilar or cementing su!)stance is 
most probably the product of the odontoblasts and also other pulp cells.” 

Von Korff thus expre.ssed his ideas; 

The ivory cells, according to my findings, do not take i)art in the .formation 
of' the ivory ground substance; but thej’ are in such close contact with it that an 
important function is revealed. This consists in supplying the dentinal layer 
M'hich is becoming thicker and more densely calcified, with nutritional channels. 
This is done apparently by developing an increasing number of tooth fibers with 
ramifying branches. By this rich ramification of fibers, and the dentinal tubules 
which develop with them, and remain in constant communication with the pulp 
cavity, an open pipe system is made for the transmission of nutritional fluid. 

Summarizing, we may say that, according to present knowledge, the 
calcification of the ground substance of dentin most probably takes 
place through the dentinal tubules, or, better, through Tomes’ processes 
(Mummery,^'’ Tomes,'' Orban”). The function of the odontoblasts in 
the formation of dentin matrix consists in forming dentinal tubules and 
probably in producing the interfibriilar or cementing substance. A 
definite proof of these points thus far has not been given. It seems 
pertinent at this point also to review briefly the ideas of various authors 
concerning the modus of pathologic changes in the dentin. 

Fleischmann ' was one of the first to study rachitic changes in den- 
tin. Starting with the normal calcification of dentin, in which the for- 
mation of the matrix and its calcification are parallel, so that the width 

13a. Tomes, C. S. ; A Manual of Dental Anatom}-, ed. 7, Philadelphia, P. 
Blakiston’s Son & Company, 1914, p. 195. 

14. Jasswoin, G. ; Arch. f. mikr. Anat. u. Entwcklngsmechn. 102:291, 1924. 

15. von Korff, K. : Ergebn. d. Anat. u. Entwckingsgesch. 17:247, 1907; 
Arch. f. mikr. Anat. 67:1, 1905; Anat. Anz. 61:383, 1928. 
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of the uncalcified zone (predentin) is nearly always constant, he 
described his histologic observations in rachitic teeth. Here the calcifica- 
tion no longer runs parallel with the formation of the matrix. This 
results in an enlargement of the uncalcified zone, which is wider where 
growth is most active. Where growth has been comi^leted, as at the 
tip of the incisor tooth, the calcification continues, and one finds a pre- 
dentinal layer of normal width. Of course, one finds a return to normal 
conditions when the rachitic process has been overcome. 

In rickets the globules of lime are essentially smaller and are not 
deposited as densely. As a result, large numbers of small interglobular 
spaces occur. It is emphasized by Fleischmann, that in rickets one is 
dealing with a disturbance of the calcification of dentin parallel with the 
normal function of the dentinal ground substance and without any 
influence on the odontoblastic la3'er. He confirmed these observations 
also in the teeth of rats after ]3arathyl■oidectom)^ 

The observation that the odontoblastic layer remains intact during 
the formation of dentin has been confirmed by Siegmund and WTber.^^ 
However, they described severe case.s, which showed an involvement 
reaching the stage of complete degeneration of the odontoblastic layer. 

Toyofuku reported that after parathyroidectomy in rats the odonto- 
blasts undergo severe changes parallel with the dentin. The cells become 
atrophied, and their epithelial-like arrangement is greatly disturbed. In 
those areas where cajfillaries and even pulp tissue grow into the dentin, 
the line of the odontoblasts is com2:)letely interruj^ted, or at least the cells 
cannot be recognized as odontoblasts. 

Euler and Meyer said : 

In dentin tlie formation of dcntinoid ti.ssue is continued for a time after 
calcification has ceased. When the dcntinoid is no longer calcified the differentia- 
tion of the odontoblasts is lost and with this the formation of new matrix. 

This leads us to ask the cptestion : Does the degeneration or atroi^hy 
of the odontoblastic layer (Siegmund and Weber,^'* To^’ofuku ’■') occur 
as the result of the systemic disorder (avitaminosis), or does the differ- 
entiation of the odontoblasts, and with it the new formation of the 
ground substance, sto^D because the calcification of the matrix ceases ? 

In discussing the changes induced in the dentinal layer of our own 
animals, we must differentiate between the several i^athologic stages, all 
of which increase in severitj^ during the course of the experiment. 

Primarily there is a distinct increase in the width of the iDredentinal 
layer seen after seven days (fig. 1 ), which indicates that calcification no 

16. Siegmund, H., and Weber, R.: Pafhologische Histologic der Mundhdhlc. 
Leipzig, S. Hirzel, 1926. 

17. Toyofuku, T. : Frankfurt. Ztschr. f. path. Anat. 7:2, 1911. 

18. Euler, H., and Meyer, W. : Pathohistologie der Zahne, Munich, J. F. 
Bergmauu, 1927. 
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longer parallels the formation of the matrix. The primary zone of cal- 
cification is distinctly marked off from the irregular zone formed during 
the experiment. This is clearly shown in all sections. The width of the 
globular, insufficiently calcified layer is almost the same in all specimens. 
This proves that in all animals the precipitation of lime salts stopped 
after a short period on the deficient diet. The changes in the odonto- 
blastic layer are of great importance in explaining these observations. 

As early as fourteen days (fig. 2) atrophic changes occur in the 
odontoblasts. These changes become more ])ronounced as the experi- 
ment continues. 

After twenty-one days (fig. 3) larger areas of the odontoblastic layer 
have degenerated, and paralleling these calcification has stopped. This 
can be observed even more clearly in figures 7, 8 and 9, taken after 
twenty-eight days. It is important to note in these pictures that the 
structure of the predentinal layer is normal. 

However, a different picture is seen in some other animals, although 
they have been on the diet for the same length of time. As figures 4, 
5 and 6 show, marked ])athologic changes in the structure of the dentinal 
matrix are found accompanying the atrophy of the odontoblasts. Here 
some vessels are included in the matrix, which seems to indicate that 
occasionally certain odontoblasts have not functioned properly. These 
degenerative changes are seen to be especially pronounced in figure 6 ; 
the odontoblastic layer can hardly be recognized. This is accompanied 
by marked changes in the matrix and the inclusion of innumerable 
blood vessels, a process that can be explained by the failure of the 
odontoblasts to form cementing substance and Tomes’ fibers; a space is 
thus created in which the capillaries are left, being enclosed by the con- 
tinued formation and cementing of the matrix on either side under the 
influence of active cells. These inclusions are possible only because the 
odontoblasts discontinue their activity in these places. Figures 4, 5 
and 6 show the odontoblasts to be uniformly involved, and cells or 
groups of cells with definite vitality, as seen in figures 7, 8 and 9, are 
no longer seen. 

In comparing these six pictures it is apparent that animals on the 
diet for approximately the same length of time can show marked differ- 
ences in structure and' in degenerative changes. These observations 
indicate that the involvement of the odontoblasts shown in figures 4, 
5 and 6 must have been more severe and must have taken a much more 
rapid course than that shown in figure 7, for instance, in which groups 
of cells still show vitality. These variations probably depend on con- 
stitutional differences in the individual animals. 

Whereas the inclusion of blood vessels was found occasionally in 
animals that had been on the diet for twenty-eight days, this condition 
was met with regularly in the group that had been on the diet for forty- 
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two days. In other words, if the de.structive action of the deficient diet 
is allowed to act over a sufficient length of time, forty-two days or 
longer, and the animal does not die, the odontoblastic layer undergoes 
a progressive degeneration beginning at many points. This produces 
the typical picture of vital and nonvital cells (figs. 7, 8 and 9), until 
complete degeneration has taken jdace as shown in figures 14 and 15. 

If the blood vessels do not all degenerate simultaneously, they 
become enclosed. If the diet leads to an early irregular, but complete, 
elimination of certain odontoblasts, owing to lack of resistance, capillaries 
may be found included as early as twenty-seven or twenty-eight days. 

Summarizing, we may state that in the experiment with diet 3143, 
the odontoblasts suffer severely in vitality, so that their activity grad- 
ually decreases until they are completely atrophied. 

It has been stated that when the activity of the odontoblasts ceases, 
the calcification of the corresponding matrix also .stops. This proves 
that the calcification of the dentinal matrix depends on the activity of 
the odontoblasts. 

In comparing figures 4 and 5, we may conclude from the width of 
the predentinal layer and the zone of faulty calcification, that in the 
incisal portion (fig, 4) the odontoblasts remained vital for a longer 
period of time. This seems to answer the question asked in the first 
portion of this paper : Is the degeneration of the odontoblasts the exjjres- 
sion of lack of available lime salts and of consequent atrophy because 
of inactivity, or are the odontoblasts primarily damaged and so incapable 
of functioning even in the presence of sufficient lime salts? 

The photomicrographs show clearly that in experimental rickets one 
is dealing with a primary involvement of the odontoblasts. This involve- 
ment is not the result of a lack of available lime salts, but is due rather 
to a deficiency of vitamin D. Furthermore one can see that in the 
incisal portion calcification was still going on after it had ceased nearer 
the apex. This shows that lime salts were available in the blood. If 
one considers that the circulation in the apical region is greater, the 
failure of calcification iii, this area can be explained only on the basis 
of a lack of some substance in the cells that enables them to utilize the 
lime salts. The incisal odontoblasts are older and were formed earlier 
than those nearer the apex. The older cells probably have a larger reserve 
of vitamin D, which enables them to remain active after the younger 
cells have ceased to function. Also some cells in the apical areas, as in 
figures 7 and 8, are active in the dei^osition of lime salts, which further 
proves that these salts are present in available form. If groups of 
cells degenerate, lack of calcium is not responsible, but rather the 
exhaustion of cellular vitamin with no replacement from the diet. The 
cells atrophy, and calcification ceases. 
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According to our observations, this primary degeneration takes place 
in the odontoblasts of all animals that have been on this diet fourteen 
days or longer. Because of the similarity in origin and function of the 
odontoblasts and the osteoblasts, it would seem that the changes in for- 
mation of bone (osteoid margins and other structural irregularities) are 
parallel to the observed changes in dentin. In other words, the patho- 
logic changes of the bones in rickets are due to a primary degeneration 
of the osteoblasts. We believe this involvement to be due to the lack 
of vitamin D. This directly affects the vitality of these cells and seems 
to prevent them from utilizing the lime salts, thus stopping calcification. 

The degeneration can occur uniformly throughout the pulp; how- 
ever, it generally begins near the a])ical portion and proceeds toward 
the incisal portion (figs. 4 and 5). In most cases it occurs in groups 
which seem to develop progressivel 3 \ The mountain-like points of cal- 
cification shown in figures 7, 8 and 9 illustrate this. Finall}'^ it ends in 
a complete and uniform degeneration of the whole layer. If single 
cells are exhausted early and others continue active, the described inclu- 
sion of blood vessels occurs. 

Furthermore, from these observations the conclusion may be drawn 
that the odontoblasts are the chief factors in the development of the den- 
tin. They form Tomes’ fibrils, which serve to transport the calcifying 
material, and hy the deposition of cementing substance in connection 
with von Korff’s fibers, they form the homogeneous matrix, bordered by 
a layer of very fine capillaries. Any disturbance in the odontoblastic 
layer during development leads to alteration in the formation of the 
matrix, as well as in its calcification. 

Our material shows conclusively that the cementing substance is 
produced by the odontoblasts. 

As stated before, the degeneration of the odontoblasts in the incisal 
area occurs later than nearer the apex. In figures 12 and 13 it can be 
seen that the incisal cells regenerate more rapidly. Zone b represents 
new, homogeneous calcification superimposed on an area of irregular 
deposition. This is found first in the incisal portion. Inclosed blood 
vessels in the incisal show that severe, if not complete, degeneration of 
the odontoblasts occurred. The recurrence of calcification indicates that 
the atrophic odontoblasts have renewed their activity. 

Extensive experiments in this direction would possibly produce inter- 
esting results which might be of great value in treating patients with 
dental conditions arising from rickets. 

CONCLUSIONS 

A rachitic diet (McCollum’s, 3143) produces marked pathologic 
changes in the dentin if the diet is maintained during the development 
of the teeth. 
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These changes increase in extent and severity as the period of the 
diet is prolonged. 

The changes induced are analogous to those produced in the long 
bones under the same dietary conditions. 

In the early stages the changes consist of a diminution in the amount 
of calcium salts deposited, even after such a short period as seven days ; 
a change in the type of calcification, from a homogeneous to an irregular, 
globular type; the continued formation of dentinoid matrix, which 
appears to widen as a result of the slowing down of the calcification. 

Atrophy of the odontoblasts appears after about fourteen days, 
increasing in severity as the feeding experiment progresses. This is 
found first in the most recently formed cells, spreading slowly to the 
older odontoblasts. Since the diet is deficient only in vitamin D, it is 
believed that this primary atrophy of odontoblasts develops when all 
the cellular vitamin D is utilized. 

Because of the similarity in function of odontoblasts and osteoblasts, 
it would seem that the changes in bones in rickets are probably due to 
a primary involvement of the osteoblasts. 

Certain marked changes result from the odontoblastic atrophy: 
complete arrest of calcification in contrast with continued deposition of 
lime salts by adjacent vital odontoblasts ; in cases in which single odonto- 
blasts degenerate, no cementing substance is formed, and capillaries 
become included by the continued formation of matrix by the adjacent 
vital cells. 

On the basis of the data presented it is believed that the odonto- 
blasts are chiefly responsible for the formation of dentin. They are 
required to produce the cementing substance whicb holds von Korff’s 
fibers in place. Their presence is necessary to form Tomes’ processes 
and so give nutrition and calcifying material to the dentin, and further- 
more in order that calcium salts may be deposited and the matrix 
calcified. 



ISOLATED GIANT GROWTH OF A BRANCH OF THE 
PULMONARY ARTERY ASSOCIATED WITH 
CONGENITAL BRONCHIECTASIS 

RKPORT OR A CASE * 


SOL ROY ROSENTHAL, iM.D. 

CHICAGO 

At autops}- in a case of squamous cell carcinoma of the penis, an 
excessive overgrowth of a branch of the left pulmonary artery was 
found. No report of a similar case could be detected in the literature 
on anomalies of the blood vessels or lungs. 

Its significance lies in its substantiation of Huntington’s ^ theory 
that the postbronchial arterial plexus is the precursor of the pulmonary 
artery. 

REPORT OF CASE 

History . — A white man, 69 years of age, had noticed a rapidly growing tumor 
on the penis for six months. Biopsj- revealed a squamous cell carcinoma. Because 
of the absence of metastases, the penis was removed surgically. A periurethral 
abscess developed, with generalized septicemia, and the patient died from sepsis 
and bronchopneumonia ten days after the operation.. 

In the past history no reference was made to pulmonary symptoms, and 
physical examination of the chest revealed nothing abnormal, except terminally, 
when bronchopneumonia was manifested. 

Autopsy . — On postmortem e.xamination (by R. H. Jaffe) metastases were not 
found, but the organs showed severe parenchymatous degeneration as a result of 
the periurethral abscess. 

The heart, aorta and lungs will be described in detail because of their relation 
to the giant artery. 

The heart weighed 310 Gm. (the patient weighed 124 pounds [55.2 Kg.]). The 
wall of the left ventricle measured 12 mm. and that of the right ventricle 3 mm. 
The myocardium was a dirty reddish brown and friable. 

The aorta 1 cm. above the cusps measured 90 mm. and presented small calcified 
plaques above the valve and in the thoracic portion, especially about the openings 
of the intercostal arteries. In the pleural cavities there were focal fibrous adhe- 
sions about the apexes of both lungs. 

The right lung was distended and heavj". The upper and middle lobes were 
crepitant, while the lower lobe was subcrepitant. The surfaces made by cutting 
were deep purplish red and moist with blood and frothy fluid. 

The upper lobe of the left lung was crepitant; the edges were boggy, and the 
surfaces made by cutting were dark gray. In the apex was a deeply anthracotic 
area, 20 mm. by 15 mm., with a light gray caseated center, 2- mm. in diameter.- - 

* Submitted for publication, Feb. 12, 1931. 

* From the Department of Pathology, Cook County Hospital ; Dr. Richard H. 
Jaffe, director. 

1. Huntington, G. S.: Am. J. Anat. 27:99, 1920; Anat. Rec. 17:165, 1919. 
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The lower lobe of the left lung was subcrepitant, except for the posterior and 
lowermost portion, which was noncrcpitant. The cut surfaces of the lower lobe 
were deep purplish red. The consolidated area, on sectioning, was dark red, and 
at the upper border of this area was a cavity, 15 by 10 by 10 mm. in diameter, which 
was filled by a thick, honey-like, light-gray mucus and was lined by a light-gray, 
shining membrane. The branch of the pulmonary artery leading to this area was 
rigid and measured 8 mm. in diameter. Because of this peculiarity, the lung was 
cut into many sections perpendicular to tlic giant artery, so that its relations could 
he studied carefully. 

It was found that this artery originated in the middle of the lower lobe from 
a branch of the pulmonary artery and immediately took a sharp turn of 90 degrees 
to course posteriori}', infcriorly and medially. It gradually approached the pos- 
terior surface of the lung and at the diaphragmatic aspect was covered only by 
the visceral pleura of the diaphragmatic and posterior surfaces of the lung. 

The vessel became gradually larger after its bend and 1 cm. below this angle 
measured 8 mm. in diameter: from this point it again became smaller and at 
its subpleural termination was 3 mm. in diameter. The entire length of the artery 
was 6 cm. 

The wall of the vessel was 1.5 mm. thick, and the intima was studded with 
atherosclerotic plaques. The lumen was occluded by a reddish-gray thrombus. 

The bronchiectatic cavity followed a course similar to that of the artery. 
Cranially, it lay ventral and lateral to tlie artery. Caudally. it wound about the 
artery anteriorly and assumed an anterior and medial position. 

Microscopic Examination . — The Artery: The wall of the artery in the cranial 
portion (3 mm. in diameter) was slightly hypertrophic and was composed of three 
coats, an intima, a media and an adventitia. The artery lay adjacent to the 
medial and anterior aspect of the bronclms. Extending caudally, the vessel gave 
off several branches that corresponded to the bronchi. These vessels showed a 
structure similar to that of the parent artery. Gradually the vessel became larger 
and passed behind the dilated bronchus, forming an angle of 90 degrees, and 
assumed a position lateral and dorsal to the l)ronchicctatic channel. Before its 
bend the vessel presented subendothelially a focal area of necrosis, with pus cells, 
which extended into the media. A branch of this vessel showed similar changes. 

At its widest portion (8 mm. in diameter), the vessel was composed of all 
three coats characteristic of an artery. The media was markedly thickened and 
contained an abundance of elastic fibrils ; the internal and external elastic mem- 
branes were fairly distinct. The internal elastic membrane was thickened and 
split. The muscle fibers were hypertrophic. The intima showed advanced athero- 
sclerotic changes, as evidenced by large crescentric areas that occupied from one 
third to one half of the circumference of the vessel and were composed of fatty 
acid crystals, debris and calcific deposits. At one point, continuity of the intima 
was interrupted, and a thrombus had formed at this site, which filled the entire 
lumen of the vessel. The thrombus was composed of fibrin, leukocytes, mono- 
nuclear cells and red blood corpuscles. The media in the region of this sclerotic 
plaque was thin and edematous. Branches leading from this portion of the vessel 
showed similar changes, many being obliterated by thrombi. 

The terminal portion of the vessel extended to beneath the pleura and consti- 
tuted about one half of the cross-sectioned area of the lung at this point. Its 
most distal portion ended as a blind pouch with collapsed walls. The latter was 
almost entirely replaced by fibrous tissue and beneath the pleura was lost in dense 
connective tissue bands. 
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Veins : About tlie cranial portion of the artery, the veins were found on the 
posterior and lateral aspect of the bronchi, being histologically unchanged. Witli 
the appearance of the giant artery, no corresponding vein could be found. There 
were numerous smaller veins tliat accompanied the smaller bronchi and arteries. 
These, too, showed no abnormal changes. 

Bronchi and Bronchioles: In the region of the cranial portion of the giant 
artery, the bronchi and bronchioles were markedly distended, and their walls were 
thin. The epithelial lining was cuboidal. The mucosae were intact. The walls 
were composed mainly of connective tissue and a few muscle and elastic fibers. 
The lumina were filled with a homogeneous substance staining pale blue (hemalum 
and eosin). 

There was a slight amount of fibrous tissue surrounding the bronchi, but 
cellular infiltration was not present. 



Fig. 2. — Schematic drawing showing relationship of the artery and the bronchi- 
ectasis. The heavy line outlines the artery; the fine line, the bronchus. 


Caudally, several bronchiectatic cavities, each of which measured 10 mm. in 
diameter, seemed to have fused. Only one artery and vein accompanied these 
cavities ; hence the latter represented numerous sacculations of one bronchus. 

This dilated bronchus extended anteriorl}' and mediall}-, above the arterj' in 
the form of a continuous dilated tube with fusiform swellings. The wall had 
become somewhat thickened as a result of an increase in fibrous tissue. The 
epithelium lining the mucosa became high cuboidal, and under oil immersion 
cilia were seen. A few glands were scattered beneath the mucosa. No evidence 
of cartilage was noted. 

The bronchus gave issue to several branches along its course, which showed a 
similar histologic structure. 

The alveoli about the cranial aspect of the arterj'- were thin-walled and dilated, 
and man}" were filled with blood. In the region of the giant artery and the 
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bronchiectatic cavity the alveoli were somewhat compressed. As the terminal 
portion of the artery was approached, there was a gradual diminution in the num- 
ber of alveoli ; their walls here were collapsed and thickened. At the termination 
of the blood vessel, the alveoli disappeared and were replaced by dense fibrous 



Fig. 3. — Wall of the giant artery showing its three coats. Note the internal 
elastic membrane and the thick media rich in elastic fibers ; elastica stain ; X 25. 


tissue with large vacuoles resembling fat cells. Numerous widely dilated capil- 
laries were scattered throughout this portion of the lung. Coal pigment, which 
was abundant in other parts of the lung, was practically absent in this area. 
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SUI\I^rARV OF CASF 

From a histologic standpoint the giant vessel described appeared 
to resemlde a mature hypertro])hic artery. 'J'he atherosclerotic changes, 
however, were marked, much more so than in the aorta or in the 
medium-sized blood vessels. 

'J'he giant artery originated from a pulmonary artery, 3 mm. in 
diameter, in the substance of the lung and terminated blindly in the 
suhpleural region. 'J'he relation of this vessel to a corresponding 
bronchus was dorsal and lateral, a condition normally present in the 
lung (Miller-). 

The bronchus corresponding to the giant vessel was the seat of 
a bronchiectasis which began with the origin of the artery, but which 
terminated 1 cm. pro.Nimal to the termination of the vessel. The 
branches issuing from the bronchus were similarly dilated. The wall 
of the bronchus was thin and contained no cartilage. The lining 
epithelium was high, cuboidal and ciliated. .Several mucous glands 
were found in the submuco.sa. 

'i'he alveoli in the region of the origin of the artery were of normal 
hi.stologic appearance, hut became collapsed as the termination of the 
vessel was ajtproached, finally being com])letely replaced by fibrous 
and fatty tissue. The absence of anthracosis and of inflammation in 
this portion of the lung was notable. 


rATllOCKXKStS 

As to the origin of the giant artery, many ]}ossibilities present them- 
selves. 

Hypertrophic arteries may be found in chronic inflammatory tissue, 
but the absence of inflammation and the huge dimensions of the vessel 
speak against this mode of origin. 

Vicarious hypertrojdiy and hyperplasia of an artery may develop if 
collateral channels are taxed as a result of an increased demand for 
function of a part. No such demands were made in this case; there 
was a decrease rather than an increase in function. 

The possibility of this vessel’s being a bronchial one, originating 
from the aorta or from one of the intercostal arteries which became 
severed from its source, is also improbable, as this vessel accompanied 
a bronchus, after the manner of a pulmonary vessel, and finally com- 
municated, by a branch 3 mm. long, with the pulmonary artery; The 

2. iMiller, W. S. : Arch. f. Anat. Entwcklngsgesch., 1900, p. 157; Am. Rev. 
Tuberc. 2:659, 1918-1919. 
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latter factor would not disprove its being a bronchial artery, as held 
by Nicolas,® although Miller - denied the existence of anastomosis. 

The exclusion of the aforementioned factors leaves only one possi- 
bility, that of a congenital anomaly. 

As a result of the work of His and Zimmermann,® the pulmonary 
arteries have been described as originating from the ventral portion 
of the sixth arterial arch of each side and descending as a complete 
and continuous vessel to supply the lung. If this vessel were to undergo 
a congenital hyperplasia, it would be expected to include the entire 
vessel, or the proximal portion more likely than the distal one, contrary 
to the condition that was present in the reported case. 

jHore recent)}’ (1919), however, Huntington,^ in studying the devel- 
opment of the pulmonary artery in the cat (embryos measuring from 
4 mm. to 6 mm. from crown to rump) found that the methods pre- 
viously described were erroneous. His conclusions were that the pul- 
monary artery develops independently of the sixth arch by the 
differentiation of a distinct arterial channel in the ventral portion of 
the ])ostbronchial pulmonary plexus. The latter is derived from a 
series of irregular channels (seventh to twelfth dorsal aortic branches) 
which open into the dorsal aorta. The sixth arch serves merely as 
the point of junction at which, after coalescence with the pulmonary 
plexus, the blood is carried from the ventral segment of the sixth 
arch to this prepared channel of the pulmonary artery. 

With this conception as to the origin of the pulmonary artery, the 
case reported can more readily be explained, in that a congenital mal- 
formation of a segment of this postbronchial pulmonary plexus might 
lead to a giant artery of a distal branch of the pulmonary artery. 

Conydon,® however, in studying humaii embn’os of the same size, 
failed to find a double primordium from the pulmonary artery, although 
Ingalls,' in a human embryo, measuring 4.9 mm., succeeded in doing so. 

Indeed, from ontogenic considerations, the work of Huntington ^ 
is substantiated. Thus Simpson ® described two cases in human beings 
in which lobes of the lung were supplied by branches of the aorta, 
and PauH described two similar cases. In one of these cases, he 

3. Nicolas, A.: Poirier’s Traite d’anatomie humaine, Paris, L. Battaille & Cie, 
1895, vol. 4, p. 528. 

4. His, W. ; Arch. f. Anat. u. physiol. Anat. 2:89, 1887. 

5. Zimmermann, W. : Anat. Anz. 4:720, 1889. 

6. Con^'don, quoted by Keibel and ^lall : Human Embr 3 'ologj% Philadelphia, 
J. B. Lippincott & Company, 1912, vol. 11, p. 482. 

7. Ingalls, N. W. : Arch. f. mikr. Anat. 70:506, 1907. 

8. Simpson, G. C. E. : J. Anat. & Physiol. 42:221, 1908. 

9. Paul, Fritz: Virchows Arch. f. path. Anat. 267:295, 1928. 
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injected a thin barium sulphate paste into the vessels and was able to 
demonstrate a direct communication between the anomalous vessel and 
the pulmonary artery. 

These authors did not oft'er suflicient explanations for the presence 
of these anomalous arteries, hut it is most likely that they are per- 
sistent branches of the posthronchial plexus, which had failed to 
separate from the dorsal aorta. 

In the reported case, a similar condition existed, except that a 
severance from the dorsal aorta occurred, perhaps at a late stage, 
after full development of the artery. 

The close proximity between the giant artery and the bronchus is 
evidence that the former was in some way res])onsible for the bronchi- 
ectasis. The mechanism of the formation of the bronchiectasis may 
be explained in one of three ways : 

First the large vessel may have compressed the proximal portion 
of the bronchus, with the result that there was a retention of secretion 
with a dilatation of the bronchus. At no place could such a relationship 
be found, although a honey-like, grayish-white secretion was present 
in the bronchus. 

.Second, the constant pressure of the large vessel may have stimu- 
lated growth of the larger bronchi in the form of a true tumor (fetal 
bronchial adenoma of Stork and also Hondo or as a focal or univer- 
sal bronchiectasis (Grawitz,’- Meyer ^•'’). In such instances the cartilage 
proliferates, and the alveoli remain fetal or do not develop at all. These 
possibilities were excluded in that the alveoli were present and fully 
matured. They decreased in number and finally disappeared in that 
portion of the lung where the area of the vessel was greater than that 
of the remaining lung parenchyma. Then, the histologic picture of 
the bronchus was that of hypoplasia rather than that of proliferation. 
The walls were thin, with a marked decrease in the amount of elastic 
and muscle fibers; the epithelium lining the mucosa was composed 
of a single layer of ciliated cuboidal cells, and cartilage was absent. 
The third and most plausible possibility is that with the establishment 
of the pulmonary circulation the pressure exerted by the giant artery 
caused a collapse of the surrounding alveoli. With the inspiration of 
air, the bronchus leading to this part was inflated, but the cushion-like 
uniform counteraction of the alveoli was absent, so that a dilatation 
of the bronchus occurred. This process, continuing over many years, 

10. Stork, O. : Wien. klin. Wclinsclir. 10:25, 1897. 

11. Hondo, T. : Centralbl. f. allg. Path. u. path. .Miat. 15:129, 1904. 

12. Grawitz, Paul: Virchows Arch. f. path. Anat. 82:217, 1880. 

13. Meyer, H. : Virchows Arch. f. path. Anat. 16:78. 1859. 
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led to a stretching and rupture of the elastic and muscle fibers and 
their replacement by fibrous tissue. 

The collapse of the alveoli was followed by a thickening of their 
walls and replacement by fibrous tissue. That this collapse occurred 
at birth is borne out by the absence of coal pigment. 

Inflammation as a possible factor for the bronchiectasis is excluded 
by the presence of an intact mucosa with ciliated epithelium and the 
absence of pleural adhesions about this portion of the lung. 

The cxjDlanation of the marked atherosclerotic changes in the giant 
artery may be based on an exaggeration of the sclerotic process present 
in the other large and medium-sized arteries. That this vessel suffered 
more than the others is perhaps due to its blind termination, which 
increased the peripheral resistance and augmented the physiologic 
degenerative processes (RosentbaP'). 

The thrombus in the vessel was recent and formed after the generali- 
zation of the infection. The factors responsible for the thrombus 
were : a colloidal, chemical or phj'sical alteration of the blood as a 
I'esult of the sepsis (Dietrich ; a sluggish circulation because of 
the marked parenchymatous degeneration of the myocardium ; a locali- 
zation in this artery as a result of the severe atherosclerotic changes 
and rupture of the intima (RosentbaP*). 

SUMM.\RV 

There is described a giant artery of the left lower ])ulmonary lobe 
that communicated with the pulmonary artery and terminated blindly 
in the subpleural region. The histologic picture was that of a hyper- 
trophic artery with advanced sclerotic changes. 

The giant vessel was determined to have originated in a persistent 
branch of the postbronchial arterial plexus. Its congenital origin was 
emphasized by its rctainment of pronounced arterial characteristics in 
adult life. 

An accompanying bronchiectasis resulted from the pressure exerted 
by the artery on the surrounding alveoli, which compressed them and 
caused ectasia of the bronchus due to lack of opposition. 

14. Rosenthal, S. R. : Sclerosis of the Pulmonary Artery and Arterioles : A 
Clinical Pathological Entity, Arch. Path. 10:717, 1930; Thrombosis and Embolism. 
J. Lab. & Clin. Med. 16:107, 1930. 

15. Dietrich, A.: Die Thrombose nach Kriegsverletzungen, Jena, Gustav 
Fischer, 1920. 



GENERALIZED ACTINOMYCOSIS (PYEMIC FORM) 

REPORT OF A CASE 

PHILLIP P. SHAPIRO, AI.D. 

CHICAGO 

The lesions of actinomycosis have been described as occurring in 
almost every organ of the bod\'. 1 be process spreads from any one of 
a number of possible primary foci of infection, usually by direct 
continuity. It restricts itself to no anatomic boundaries, but erodes 
anything within its path. If not extending by direct continuity, how- 
ever, the organisms seem to travel almost entirely by way of the blood 
stream ( N athan ^ ) . 

Rarely are lymphatic channels used. Lymph nodes are generally- 
avoided. Only the perineural lymphatics are sometimes involved in 
metastases to the brain and spinal cord (Werthemann -). The lesions 
are themselves very vascular. They have a special affinity for blood 
vessels, and break freely into all those that they meet. The organisms 
are difficult to cultivate from the blood stream during life, but Shrews- 
bury “ once did so successfully. The following case of pyemic actino- 
mycosis demonstrated the predilection of the process for hematogenous 
spread. 

REPORT OF A CASE 

Clinical History . — A colored man, a laborer, 45 years old, with no special occu- 
pational exposure, was admitted to the hospital with a chronic, progressive cough 
of seven weeks’ duration. It was productive of much 3 'cnowish-white, foul sputum 
streaked with blood. He had frequent night sweats. Pie complained also of a 
pain in the right side of the chest and of a constant "misery” just under the right 
shoulder blade. There was marked weakness in the left hand and numbness in 
the right. 

His temperature was hectic, with dailj’' variations from 99 to 104 F. He had 
many carious teeth. Over the right upper pulmonary lobe, there were impaired 
resonance, increased tactile fremitus and diminished breath sounds. The left lung 
was clear. The x-ray picture showed a dense infiltration in the upper third of the 
right pulmonary field. Just to the right of the spinal column, close to the inferior 
angle of the right scapula, there was a bulging, tender, nonpulsatile, slightly fluctu- 
ant mass. On aspiration, a thick purulent, foul material was obtained. Repeated 

* Submitted for publication, March 3 , 1931. 

From the Department of Pathology of the Cook County Hospital. 

1. Nathan, H. : Klin. Wchnschr. 33:1543, 1930. 

2. Werthemann, A.; Virchows Arch. f. path. Anat. 255:7 and 9, 1925. 

3. Shrewsburj^, F. : M. Rev. 3:372, 1928. 
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cultivations of it gave no growth. Smears showed degenerated polymorphonuclear 
leukocytes and degenerated cocci, but no definite organisms. 

The clinical diagnosis was empyema necessitatis with pulmonary tuberculosis. 

Examination of the sputum for tubercle bacilli repeatedly gave negative results. 
Three days after incision of the abscess mass, the patient suddenly suffered two 
attacks of clonic spasm involving the left arm and the left side of the head. A 
diagnosis of secondary abscess of the brain was considered. In the course of the 
next four weeks, numerous metastatic abscesses appeared in the subcutaneous tis- 
sues of the left forearm, the left hip, the right leg, the chest, the back and the 
abdominal wall. Then for the first time, and only because of the unabating per- 
sistence of the pyemic spread, was the possibility of actinomycosis considered. 

Necropsy (by Dr. R. H. Jaffe). — In addition to the subcutaneous abscesses 
described, there were small abscesses in and about the thyroid gland, in the left 
side of the dome of the diaphragm, in the liver, in the left kidney and in the 
anterior wail of the left cardiac ventricle. Pus-filled polypoid masses projected 
from between the papillary muscles of the mitral cusps. Between the upper pole 
of the right kidney and the inferior aspect of the liver, there was a cavity, 9 cm. 
in diameter, filled with thick, light j'cllow pus. The upper pole of the kidney was 
entirely replaced by discrete and confluent cortical abscesses, which extended into 
the medulla. The right renal vein was occluded by a light yellow-gray, adherent 
blood clot, which was centrally liquefied. 

The pleural cavity on the right side was obliterated by dense, fibrous adhesions. 
Near the apex there was a plum-sized, pus-fiUcd cavity which communicated by a 
descending sinus with the right interscapular abscess described. The upper part 
of the right pulmonary lobe was firm, and surfaces made by section were dark 
gray, with fine, yellowish-white lines radiating about small, dilated bronchi, which 
contained thick, yellow pus. The lymph nodes at the bifurcation of the trachea 
were but slightly enlarged. 

In the galea aponeurotica there were two abscesses that covered irregular 
defects in the skull and w’cre filled with pus. The sphenoid bone also contained 
irregular, pus-filled cavities. In the sagittal sinus, a purplish-gray, partly liquefied 
thrombus was adherent to the wall. 

The subdural and subarachnoidal spaces over the right cerebral hemisphere 
were filled by thick, light yellowish-green pus. In the right parietal lobe, involv- 
ing the medulla and part of the cortex, there was an irregular cavity, 3.5 by 4 
by 2.5 cm., filled by thick, yellow pus. 

Microscopic Examination. — In the areas of carnification in the upper lobe of 
the right lung, there were numerous small abscesses that seemed to originate from 
the small bronchi. The abscesses were lined by a vascular granulation and filled 
by polymorphonuclear leukocytes and larger, fat-filled mononuclear cells. Embed- 
ded with these cells were numerous clusters of radiating mycelia with club-shaped 
thickenings of their peripheral ends. 

The cerebral abscesses contained many pus cells and large mononuclear cells. 
In the pus, there were single, distinct, ray-shaped clusters and more loosely 
arranged, branched, slender mycelia. About the clusters there was a cloudlike, 
light blue radiating zone (fig. 1). The adjacent tissue was loosened and cellular. 

In the kidney, the large, wedge-shaped area of diffuse suppuration contained 
many typical clusters. The arciform and interlobar veins corresponding to this 
area were filled by pus and numerous star-shaped bodies (fig. 1). 

Bacferioscopic E.ramination. — Star-shaped clusters of long, slender and 
branched, gram-positive threads, some with a club-shaped thickening of the free 
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end, were found in smears from the diaphragmatic abscess, the brain, the Iieart 
and the thyroid gland. 

On Herrold medium under anaerobic conditions a growth of gram-positive, 
slender, branched mycelia was obtained from tlie diapliragmatic abscess. Pure 
culture failed because of an overgrowth of Proteus vulgaris and cocci. 

Anatomic Diagnosis. — The anatomic diagnosis included; chronic indurative- 
suppurative actinomycosis of the riglit upper pulmonary lobe; generalized actino- 
mj'cosis (pyemic form) with abscesses in the thyroid gland, m 3 ' 0 cardium. 



Fig. 1. — Renal actinomycotic thrombophlebitis. The interlobar vein in the right 
kidney is involved in thrombophlebitis with two colonies of actinomycetes in the 
center. Elastica stain was used to show the remaining outlines of the vein, and 
the outline of the accompanying renal artery. Renal tissue is seen above and 
below. Leitz objective; apochromatic lens, 16 mm.; periplanar, 6. 


diaphragm, kidneys, liver, galea aponeurotica, brain and subcutaneous tissues ; 
actinomycotic thrombophlebitis of the right renal vein and sagittal sinus; 
suppurative internal pachymeningitis and suppurative leptomeningitis of the right 
cerebral hemisphere; suppurative osteomyelitis of the occipital, parietal and 
sphenoid bones, and perinephritic abscess of the right side. 
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COMMENT 

Actinomycosis is caused by a branching, filamentous fungus of the 
order Microsplw)mles and family N ocardiaccac (Castellani and Clial- 
mersd Castellani, ■''' Wolff and Israel®). The genus that is most 
commonly associated with the disease in man is Cohuistreptothrix isracli. 
It is anaerobic and difficult to cultivate. It is not found in nature, 
hut has been found in carious teeth of even normal persons, whence 
it may invade its host (Lord," Naeslund,® Turner,® Warwick^®). It 
forms characteristic colonies with a central mvcelial mass and radiating 
peripheral filaments arranged like the petals of a daisy. 

A few cases are caused by Actinomyces bovis of Bostroem.’^ This 
is an aerobic organism, common in nature, hut only rarely found in 
carious teeth (see Wright^-). The infection here is directly exog- 
enous. Identical clinical syndromes may occasionally he produced 
by other organisms, such as Actinobacillus lignicresi and even staphy- 
lococci (iMagnusson . None of these organisms, however, produce 
the typical radiating colonies of Cohnistreptoihrix isracli. 

DreseP^ divided the nocardioses into two groups. He restricted 
the term “actinomycosis” to infections with the cohnistreptothrix. He 
applied the term “streptothricosis” to all cases caused by the aerobic, 
noncolonizing members of Nocardiaccae, by the actinobacillus or by 
other organisms. According to this classification, the case here 
reported, because of the presence of the characteristic colonies and 
the anaerobic growth, is a true actinomycosis. 

The i^rimaiy focus of infection is usually in carious teeth (60 per 
cent), hut it ma}'’ he in the lungs (14 per cent) or in the intestines 
(18 per cent) (see Sanford and Magath.^"' Zinninger ’®). Actino- 

4. Castellani, A., and Chalmers, A.; ^Manual of Tropical Medicine, New York. 
William Wood & Compan}^, 1919. 

5. Castellani, A. ; Fungi and Fungous Diseases, Chicago, Am. kled. Assn., 
1926. 

6. Wolff, M., and Israel, J. : Virchows Arch. f. patli. Anat. 126:11, 1891. 

7. Lord, F. T. : The Etiologj'^ of Actinom 3 'cosis : The Presence of Actino- 
mj'cetes in the Contents of Various Teeth and Tonsillar Ciwpts of Patients With- 
out Actinomj’cosis, J. A. M. A. 55:1261, 1910. 

8. Naeslund, C. : Acta path, et microbiol. Scandinav. 2:110, 1925. 

9. Turner, C. : Radiology 7:39, 1926. 

10. Warwick, W. T. : Lancet 2:497, 1923. 

11. Bostroem; Beitr. z. path. Anat. u. z. allg. Path. 9:1, 1891. 

12. Wright, J. H.: J. M. Research 13:349, 1905. 

13. Magnusson, H. : Acta path, et microbiol. Scandinav. 5:170, 1928. 

14. Dresel, E. G. : Beitr. z. path. Anat. u. z. allg. Path. 60:185, 1915. 

15. Sanford, A. H., and Magath, T. B. ; Minnesota I\Ied. 5:71, 1922. 

16. Zinninger, M.: China M. J. 43:1092, 1929. 
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mycosis of the lung may be primary, bronchial, aiising by inspiiation 
or aspiration of infected material through the aiiway. It may b«- 
secondary, arising cither by direct extension from the head and neck 
or from the abdomen, or by way of the blood stream from some distant 
focus. 



Fig. 2. — An actinomj^cotic abscess of the brain is shown, with brain tissue to 
the right and an abscess with a single colony of actinomycetes on the left. Under 
higher power many single mycelial threads could also be seen. Leitz objective; 
apochromatic lens, 16 mm. ; periplanar, 6. 

Primary pulmonary infection starts as a simple, actinomycotic, catar- 
rhal bronchitis. It progresses by peribronchial infiltration to form 
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chronic bronchopnenmonic patches, which are characterized by whatever 
is the varying balance between necrosis with formation of cavity and 
the marked tendency to dense perifocal fibrosis (Markod" Koch^®). 
Most commonly the process starts in the base of the lung. In this case 
it started in the apex. 

Pleural extension leads to a serous or richly vascular granulomatous 
reaction, with the formation of encapsulated empyemic cavities (see 
Chambers,^® Lord,-° Geymueller When situated paravertebrally, 
these abscesses compromise the adjacent cervical and intercostal nerves 
and thus give rise, even without involvement of vertebrae or the cord, 
to ipsolateral neurologic symptoms and signs. In this case, the pleural 
abscess at the apex of the right lung and the perithyroid abscesses had 
produced pain in the right side of the chest and numbness in the right 
arm. I'he localized empyema finally pointed to the outside and broke 
through. It may, when more closely situated to them, break through 
the diaphragm or into the mediastinum, or even into the heart ( Doyle, -- 
Preston ) . 

The typical sulphur granules are readily overlooked in sputum or 
in pus, if certain precautions are not taken. The material must be 
washed _ by vigorous shaking in sterile distilled water or broth. The 
granules sink to the bottom of the tubs, whence they are picked out, 
crushed between slides and stained by the Gram and the Ziehl-Neelsen 
methods. The material should also be grown on dextrose-agar or 
broth, aerobically and anaerobically, to differentiate Cohuislreptothrix 
from the other organisms belonging to Nocardiaccac. Secondary infec- 
tion in the abscesses rapidly diminishes the chances of demonstrating 
the mycelia. Biopsy of the granulation tissue in the wall of the 
abscesses would then prove more successful. 

Wherever it sets up a footing, actinomycosis produces very vascular 
lesions and also induces local thrombophlebitis. The lesions erode and 
break into any available local blood vessel. Dissemination occurs to a 
single organ or to many organs. Wherever they land, the organisms 
set up similar lesions and again attack the local blood A'essels, to mul- 
tiply the chances for spread. 

Hematogenous spread usually starts from the lungs, but it may 
start from the mouth or from the gastro-intestinal tract (Jacoby -‘j. 

17. Marko, D. : Fortschr. a. d. Geb. cl. Rontgenstralilen 39:629, 1929. 

18. Koch, W. : Ztschr. f. d. ges. exper. Med. 61:335, 1928. 

19. Chambers. E. E. : U. S. Vet. Bur. M. Bull. 5:530, 1929. 

20. Lord, F. T. : M. Clin. North America 8:1485, 1925. 

21. Gej'mueller. E. : Schweiz, med. Wchnschr. 58:635, 1928. 

22. Doyle, C. D. : Lancet 2:600, 1927. 

23. Preston, T. W.: Brit. M. J. 2:1172, 1928. 

24. Jacoby, F. : Arch. f. klin. Chir. 149:621, 1928. 
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In a case described by Nathan/ primary actinomycosis of the appendix 
led to actinomycotic pylephlebitis with hepatic abscesses that broke 
into the hepatic veins to set up secondary abscesses of the lung. These, 
in turn, led to pulmonary actinothrombophlelntis, but death occurred 
before further dissemination could take place. Hematogenous generali- 
zation, starting in the lungs, displays no great preference for any 
particular organ. The l)rain, liver, kidneys and spleen are most com- 
monly involved ; the myocardium, voluntary muscles, bones, dura, skin 
and gastro-intestinal tract arc less frequently affected, and the thyroid 
gland, pancreas, thymus and lymph nodes, most rarely. In the florid, 
pyemic cases no rules of selection are followed. 

Actinomycotic foci in the liver may arise by direct extension from 
adjacent lesions, or by hematogenous spread from the gastro-intestinal 
tract by way of the portal vein or from the lung by way of the hepatic 
vein. Numerous cases of all three types have been described (Shoe- 
maker,-^ Greenwell,-® Lehmann and Kahlstorf,-' Fulton and Scheppe -®). 
In the case here reported, there was no direct extension from adjacent 
foci, and there were no lesions in the gastro-intestinal tract. The 
hepatic abscess in the portobiliaiy septum arose by spread from the 
lungs by way of the hepatic artery. 

The renal foci, too, were hematogenous, and from the lungs. The 
urinary tract is a relatively frequent site for actinomycosis (Polayes and 
Lederer,-“ Cummings and Nelson,"® Kleinschmidt Clinically, it 
simulates tuberculosis or tumor of the kidney. The diagnosis is rarely 
made correctly before operation, but has been established by demon- 
strating the ray fungus granules in the urine (Beregofif ®-) , in pus 
from the suppurating areas, in currettings from the sinuses or in 
the involved tissues. The secondaiy focus in the right kidney in this 
case had broken into the perinephric space, and had also induced a 
secondary renal actinothrombophlebitis from which the organisms could 
be fed back into the lungs. There were as yet, however, no secondary 
abscesses of the lung. 

Actinom)'cosis of the bones in man is unquestionably rare. In 
man, “lumpy jaw” is not osteomyelitic, but is an infection of soft 

25. Shoemaker, F.: U. S. Vet. Bur. M. Bull. 2:391, 1926. 

26. Greenwell, A. W.: Mil. Surgeon 62:185, 1928. 

27. Lehmann, J. C., and Kahlstorf: Deutsche Ztschr. f. Chir. 211:384, 1928. 

28. Fulton, W. S., and Scheppe, W. M.: Virginia M. Monthb^ 55:443, 1928. 

29. Polayes, S. H., and Lederer, M.: J. Urol. 23:393, 1930. 

30. Cummings, R. E., and Nelson, R. J.: Surg., Gynec. & Obst. 49:532, 1929. 

31. Kleinschmidt, P. : Arch. f. klin. Chir. 120:658, 1922. 

32. Beregoff, P. : J. Alichigan M. Soc. 28:383, 1929. 
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tissue and a periodontitis from carious teeth (Kaufmann A feu- 
cases of actinomycosis occurring in bones have been reported, arising 
by direct implantation or Ij}' local extension, but most commonly by 
hematogenous spread (Sartory, Meyer and Meyer Krogius;^^ 
Lemon;®''’ Simpson and McIntosh.®"). In this case the bones of the 
skull had been reached by tbe hematogenous route, for there were no 
other local, e.xtracranial lesions to serve as a local source. 

Cerebral lesions occur in only 2 per cent of all cases of actinom}-- 
cosis. Moersch collected forty-eight cases of actinomycosis with 
involvement of the brain, and a few cases occurring in the spinal cord 
(Snoke®®) have also been reported. Jacoby®* distinguished four types 
of cerebral actinomycosis : meningitis, encapsulated abscess, cerebral 
tumor of gelatinous granulations (rare) and combination types. The 
usual type is that of chronic meningitis, but abscesses are not infre- 
quent. 

The brain is usually reached by direct extension from some actino- 
mvcotic focus in the head or neck. It is also accessible bv extension 
along the perineural lymphatics. In the absence of any ])rimary local 
lesion, as in this case, it is reached only by way of the blood stream. 
The abscess had produced the paresis of the left arm and the final 
clonic spasms. 

From all these abscesses, as well as from the myocardial foci, the 
blood stream was finally flooded with mycelia, and crop after crop 
of actinomycotic abscesses appeared in the subcutaneous tissues all 
over the body. 

SUM:\r.\RY .-\XD CONCLUSIONS 

A case of generalized, florid, pyemic actinomycosis is reported, 
which demonstrates the predilection of actinomycetes for hematogenous 
spread. The h'mphatic system is spared. There is a marked tendency 
to the development of local actinomycotic thrombo]ihlcbitis, and when 
generalization does occur, it does so practically only by way of the 
blood stream. 

33. Kaufmann, E. : Patholog)', Philadelphia, P. Blakiston’s Son & Company. 
1928, vol. 1, p. 558. 

34. Sartor}% A.; Meyer, AI., and Alej-er, J. ; Ann. Inst. Pasteur 44:298, 1930. 

35. Krogius, A.: Acta chir. Scandiiiav. 63:121, 1928. 

36. Lemon, W. S. L. : Minnesota Med. 9:211, 1926. 

37. Simpson, W. M., and Alclntosh, C. A. : V ertebral Actinomveosis, Arch. 
Surg. 14:1166, 1927. 

38. A'loersch, F. P. : Actinom}TOsis of the Central Nervous System, Arch. 
Neurol. & Psj'chiat. 7:745, 1922. 

39. Snoke, P. O. : Am. J. M. Sc. 175:69, 1928. 
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It is a well established fact that within from four to ten days after 
the removal of the spleen of a rat, anemia develops with a heavy infec- 
tion of the red cells by Bartonella. The consensus is that the rat has, 
prior to operation, a latent hartonella infection and can control it. As 
soon as the spleen is removed, the defensive mechanisms of the body are 
disturbed, and the rat becomes a victim of hartonella infection. It is 
thought that with the removal of the spleen, a large part of the reticulo- 
endothelial system is eliminated and that the remaining part is not suffi- 
cient to prevent the development of the disease. Various investigators 
have therefore undertaken experiments to ascertain whether it is pos- 
sible to produce the disease, not by the removal of the spleen, but by 
blockade of the reticulo-endothelial system. 

Haendel and Haagen ^ found that in eight of twenty-four rats block- 
aded with india ink, a more or less strong hartonella infection developed. 
Friedberg - found that after repeated intravenous injections of 5 per 
cent india ink, a hartonella infection of the erythrocytes developed with- 
out the symptoms of anemia. Cannon and McClelland ^ found that 
extensive blockade of rats with india ink produces anemia without the 
appearance of bartonellas in the red cells. The results of these experi- 
ments are not sufficiently clearcut in view of the fact that some investi- 
gators were able to get a slight hartonella infection of the red cells with- 
out anemia, and the others, an anemia without hartonella infection. In 
an effort to obtain more effective results, we combined blockade of the 
reticulo-endothelial system of nonsplenectomized rats, with the addi- 
tional injection of bartonella-infected mateidal. For our experiments, 
we used a strain of adult rats that had a latent hartonella infection. 

Submitted for publication, April 25, 1931. 

"From the Department of Laboratories, United Isracl-Zion Hospital. 

"^This work was done under the direction of Dr. Max Goldzieher. 
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Method of Blockade . — An intrapcritoncal injection of 2 cc. of 10 per cent 
solution of Higgin’s india ink in sterile phi'siologic solution of sodium chloride 
was given tliree or four times at two da}' intervals. 

Preparation of Infection.'; Material . — Rats were splenectomized, and within 
from four to ten days, a heavy bartonella infection with anemia developed. At 
the height of intection, under aseptic conditions, blood of the rat’s heart was 
obtained in a tube containing sodium oxalate, and an emulsion of the cardiac 
muscle and liver in saline solution was made by grinding in a mortar. 


RESULTS OF 13LOCKADE OF THE RETICULO-ENDOTHELUXL SVSTE}! AND 
INJECTION OF INFECTIOUS iNtATERIAL INTO RATS 

Seventeen tionsplenectoinized adult rats were blockaded with india 
ink injected intraperitoncall}’' and subsequently were infected with infec- 
tious material in the same manner. In thirteen anemia developed with 
bartonella infection of the red cells, and in four bartonella infection 
developed without anemia. In repeated control experiments, normal, 
nonblockaded rats of the same strain did not react to the injection of 
infectious material. The most extensive bartonella infection and anemia 
tvere obtained when a total quantity of from 6 to 8 cc. of a 10 per cent 
solution of the ink was given in a period of from three to six days. The 
disease developed in most instances in four days, and at the latest in 
eight days, after injection of the infectious material. The following 
protocol illustrates a typical case: 

Feb. 5 : Rat given 2 cc. of 10 per cent solution of india ink intraperitoneally. 

Feb. 7: Rat given 2 cc. of 10 per cent solution of india ink intraperitoneally. 

Feb. 10: Rat given 2 cc. of 10 per cent solution of india ink intraperitoncall}'. 

Feb. 12: Rat given 3 cc. of blood and emulsion of splcncctomizcd rat liaving 
severe bartonella infection and typical anemia. 

Feb. 14. — Moderate anisocytosis and poikilocytosis and an occasional bartonella 
were seen. 

Feb. 15: Moderate anisocytosis and poikilocytosis, with a few bartonellas were 
seen. 

Feb. 17: Moderate anisocytosis and poikilocytosis, some polychromasia and 
heavy bartonella infection were observed. 

Feb. 18 : Marked poikilocytosis, moderate polychromasia, many normoblasts and 
very marked bartonella infection were observed. Hemoglobin was 22 per cent; 
red blood cells, 1,200,000; white blood cells, 33,100; polymorphonuclears, 80 per 
cent ; small lymphocytes, 12 per cent ; large lymphocytes, 8 per cent. 

Relapses Following Bloekadc . — Three splenectomized rats that had 
recovered from the t3fpical anemia and severe bartonella infection were 
given, twelve days after the disappearance of the parasites, injections of 
2 cc. of 10 per cent india ink intraperitoneally, from tw'^o to liA'e times 
at two day intervals. In each case, from two to fourteen days after the 
last injection, a relapse of the disease occurred with severe bartonella 
infection and intensification of the anemic blood picture. 
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EFFECT OF TRYPANOSOMES ON BARTONELLA INFECTION 

Mayer ^ noted the occasional appearance of the rods of Bartonella 
inuris in the cells of mice and rats infected with trypanosomes. Mar- 
morston-Gottesman and Perla “ observed that infections of normal adult 
rats by Trypanosoma Iczvisi are accompanied by a moderate anemia dur- 
ing the first week of infection with the appearance in small number of 
the bartonella bodies in the red cells. In order to study the influence 
of trypanosome infection on the development of bartonella infection, we 
performed three series of experiments using a strain of Trypanosoma 
Iczvisi which was found accidentally in one of our experimental rats and 
which was maintained by transfer from rat to rat. 

In the first series, seventeen normal adult rats received intraperito- 
neal injections of blood containing trypanosomes and bartonellas taken 
at the height of the disease from tr\’-panosome-infected, splenectomized 
rats. Two animals died in four days; twelve showed, in addition to a 
trypanosome infection, a bartonella infection of the red cells, and of 
these twelve, seven presented also the typical anemia; three were not 
affected. 

In the second series, three trypanosome-infested rats were given 
intraperitoneal injections of india ink. After the blockade, the number 
of trypanosomes increased tremendously and, in addition, a bartonella 
infection of the red cells appeared. The animals died in from five to 
seven days. 

In the third series, six splenectomized rats were given, two weeks 
after they had recovered from the bartonella infection and anemia, an 
intraperitoneal injection of 2 cc. of oxalated blood containing a great 
number of trypanosomes. Within from twenty-four to forty-eight 
hours, a relapse with a very heavy bartonella infection was observed. 

HISTOLOGIC CHANGES IN BLOCKADED, BARTONELLA-INFECTED RATS 

(dr. m. goldzieher) 

The changes observed in the tissues of the organs of the rats that 
were blockaded and then infected were practically identical with those 
described by Schwarz ® in his comprehensive survey of the lesions in 
splenectomized animals. The most characteristic lesion was focal necro- 
sis of the liver (fig. 1). The foci of necrosis were irregularl}^ scat- 
tered; their size varied as much as their location. Often endothelial 
cells were still well maintained in the necrotic areas. Occasionally, leu- 
kocytic infiltration was met with in the peripheries of the necrotic foci. 
Besides these lesions, changes of the Kupffer cells were regularly met 

4. Mayer, M. : Arch. f. Schiffs- u. Tropen- Hyg. 25:150, 1921. 

5. Marmorston-Gottesman, J., and Perla, D.: J. Exper. Med. 52:129, 1930. 

6. Schwarz, L. ; Folia haemat. 39:133, 1929. 
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with. ]\Iost of these cells, of course, contained a varying amount <>f 
india ink, and many of them appeared considerably increased in size 
(fig. 2). Those Kupfifer cells, however, that contained little or no pig- 
ment frequently showed swelling of both cytoplasm and nucleus and 
occasional phagocytosis of red cells. Many of the Kupfifer cells con- 
tained iron, which was also demonstrable in the liver cells, particularly 
in those in the central areas of the lobules. 

Necroses similar to those of the liver were demomstrable in the bone 
marrow (fig. 3). Some of these were apparently of more recent origin 


I J. 

k* 

f 




k „ > ♦ 

C . 


^ Vt 


% -Wk • 


■» 




^ - 


'6 


' 5*' S • 

r. I- * 


be; 


^ (3- ' 






6 4 


Cl' 


^ i 

^ c 

!, t 


» ■ Jfac' J - 

J 

: r- ^ 

r 

V — f 


• ^ Vi 






■l* » %• 




T*. 










t> 


f ^ jL ’ 

' ' •, . 9 . rN..' ' 

‘T- ' T 








' . a J. 

"''a V 
f ~ 


Fig. 1. — Focal necrosis of tlic liver. Note the accumulation of india ink in 
the peiipher}’ of the necrotic area. 


and still showed the outlines of the decaying cells intermingled with 
amorphous debris and some fibrin. 

The lesions of the spleen were not uniform in all the cases; in some 
of them, excessive congestion and even hemorrhagic infiltration of the 
pulp could be noticed, -vtdiile in others there was no hyperemia. As a 
whole, the spleen showed the familiar i^icture met with in acute infec- 
tion, including hyperplasia of the pulp and evidence of proliferation in 
the follicles (fig. 4). Very numerous giant cells of the bone marrow 
type were present in most of the cases, scattered through the pulp or 
forming small groups ; yet the number of giant cells was not always in 
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Fig, 2. Storage of india ink in Kupffcr cells of the liver. Note the large size 
of the desquamated Kupffer cells. The lumen of the large hepatic vein shows 
many phagocytes loaded with ink. 
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excess of what can l)e seen in the supposedly normal spleen. It seems 
important to emphasize that the storage of india ink in the spleen fell 
very far short of that in the other organs, noticeably of that in the liver. 
The black pigment occurred in the reticulum cells of the pulp and occa- 
sionally in those of the follicles (fig. 5). These pigmented cells were 
scarce, and they contained much less jjigment than the Kupflfer cells of 
the same animal. 

Phagocytosis of red cells in the spleen was extensive. It was observed 
chiefly in the pulp. Hemosiderin was abundant in the spleen and was 



Fig 4 — Lymphoblastic plasma ceils in the periphery of the splenic follicle. 


practically restricted to the splenic pulp. Some of the wider blood vessels 
contained a large number of cells, many of which were loaded with pig- 
ment, while others had ingested red cells. 

ErrECTS OF BLOCKADE AND SUPERIMPOSED BARTONELLA INFECTION 
ON SPLENECTOMIZED DOGS AND GUINEA-PIGS 

It is generally known that splenectomized dogs and guinea-pigs arc 
not susceptible to the virus of rat anemia. In our experiments, we 
combined the removal of the spleen with blockade and repeated injec- 
tions of infectious bartonella material. 
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Two young dogs were splenectomized. Within the next' forty-three 
days, each received a total quantity of 15 cc. of a 50 per cent india ink 
solution intravenously and 30 cc. of a 10 per cent solution intraperito- 
neally, with four intraperitoneal injections of 6 cc. of an emulsion of 
blood, heart and liver of rats having severe bartonella infection. No 
bartonellas were ever noted. 

Two guinea-pigs were splenectomized, and each was given within the 
next seventy-two days thirteen intraperitoneal injections totaling 65 cc. 
of a 10 per cent solution of india ink, with five intraperitoneal injections 



Fig. 5. — Storage of ink in the pulp of the spleen. Note that the large follicles 
are left free. 


aggregating 16 cc. of an emulsion containing abundant bartonellas. Stip- 
pling and normoblasts were noted frequently ; at times, a few bartonellas 
were seen. 


CULTURES FROM BLOCKADED, SPLENECTOMIZED RATS 

Blood of rats at the height of bartonella infection was inoculated 
into ascitic agar, chocolate agar, blood agar, broth and peptone water. 
In four instances, we obtained a slight growth on blood agar. Micro- 
scopically, minute bodies were seen. Subsequent subcultures were, how- 
ever, negative. In order to study the pathogenicity of this culture, we 
used a strain of rats that did not originally have a latent bartonella infec- 
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lion and could therefore lie splenectomized without deve]o])iug bartonella 
infection and anemia. The injection of the culture into .such splencc- 
tomized rats failed to give positive results; while control. rats of the 
same strain after injection of an emulsion of hlood and liver from 
bartonella-infected, splenectomized rats, always presented severe anemia 
and bartonella invasion of the red cells. We were able to obtain a hemo- 
lytic streptococcus in cultures from two nonsplenectomized rats that had 
been blockaded and then infected, and also in cultures from two that 
had been splenectomized. We obtained a bacillus of the paratyphoid 
group in cultures from two rats that had been splenectomized and from 
one that had been blockaded. Thus, .the secondary microbes in the case 
of the splenectomized animals were identical with those in the case of 
the blockaded, infected animals. 

CONCLUSIONS 

Blockade of the reticulo-endothelial system, combined with a super- 
imposed bartonella infection, produces the blood picture of anemia and 
a severe bartonella infection. In trypanosome-infected animals, block- 
ade without superimposed infection or superimjiosed infection without 
blockade produces the same results. 

The cellular changes in the spleen of the blockaded, infected rat con- 
sist, essentially, of hyperplasia of the pulp with ])roliferation of the fol- 
licles. In the liver and bone marrow, foci of necrosis are pre.sent. irreg- 
ularly scattered and of different size. 

In rats that previously have been splenectomized. have developed a 
bartonella infection and anemia and have recovered, blockade with india 
ink or injection of trypanosome-infected blood causes a recurrence of the 
disease. 


\ 
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HISTOLOGIC CONSIOERATION 
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Recent anatomic and physiologic studies of the renal glomerulus 
have led to' much new information concerning this structure, but there 
has been lack of coordination of the knowledge in these two separate 
fields. This failure of coordination has been due chiefly to the fact that 
the physiologist has concerned himself almost exclusively with the 
glomerulus of the, kidney of the amphibian, whereas the morjihologist 
has, until recently, given his attention chiefly to the kidne}' of man. Con- 
sideration of the comparative anatoni}' and physiolog)’- of the vertebrate 
kidney has been lacking until the recent extensive work of Marshall ^ 
and his collaborators. It has seemed justifiable, therefore, to present 
the facts of glomerular structure again because of their importance in 
the light of modern conceptions of glomerular activity, which have been 
so brilliantly expounded by Richards = and his school, and, in addition, in 
the light of a consideration of anatomic changes that occur in renal 
disease. It is of great importance to determine definitely the structure 
of the normal glomerulus of man, since on this knowledge must eventu- 
ally rest the interpretation of physiologic activity, as well as the under- 
standing of the pathologic changes that may occur in disease. In this 
study, special attention has been paid to the histology of the normal 
renal glomerulus. 

REVIEW OF THE LITERATURE 

The literature on the structure of the renal glomerulus is of con- 
siderable volume, and since it has been carefully reviewed recently by 
McGregor,^ no attempt will be made to reconsider the many older 
studies. The recent application to the kidney of the stain combining 
Mallory’s aniline blue and Heidenhain’s azan carmine, as described by 
McGregor, has opened an entirely new approach to the study of the 
structure of the normal glomerulus, and it has brought out. some impor- 
tant considerations, not only of normal glomerular structure, but of 
the pathogenesis of glomerular disease. 

* Submitted for publication, Feb. 17, 1931. 

*From the Section on Pathologic Anatomy, the Mayo Clinic. 

1. Marshall, E. K., Jr.: Am. J. Physiol. 94:1, 1930. 

2. Richards, A. N. : Pennsylvania M. J. 33:527, 1930. 

3. AIcGregor, Leone: Am. J. Path, 5:545 and 559, 1929. 
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There is still controversy, however, concerning some details of 
glomerular structure among those who have used modern staining 
methods, and since it seems important to settle these points, they will 
he outlined. 

The normal human renal glomerulus is composed of a group of 
intertwining capillary loops, which probably do not anastomose, which 
are formed by division of the afferent glomerular arteriole and which 
rejoin to form the efferent glomerular arteriole. These loops are 
covered by a layer of epithelium which comprises the visceral layer of 
Bowman’s capsule, and these cells are directly continuous, therefore, 
with the epithelial cells of the tubules. The average diameter of the 
human glomerulus in fixed tissue is estimated by \'imtrup ' as 200 
microns, by Fahr “ as 237 microns, whereas, in the living frog, Richards 
and Schmidt® found the diameter to be from 140 to 300 microns. 
Russell " reported the average glomerular diameter in frozen sections 
of human kidneys to be 118 microns. 

The component parts of the glomerulus are : ( 1 ) the capillary or 
glomerular endothelial cells; (2) the glomerular membrane between the 
cell layers; (3) the epithelial cells overlying the looi)s. and (4) occa- 
sional connective tissue cells and fibers. Although these components 
have been recognized for a long time, there has been considerable dif- 
ference of oninion as to their exact relationship to one another, as well 
as to the correct derivation of each. With the application of newer 
methods of staining within the last few years, this problem has appar- 
ently become simplified. The use of the aforementioned stain, com- 
bining Mallory’s aniline blue and Heidenbain’s azan carmine, has aided 
greatly in the determination of the structure of the normal glomerulus, 
and for the first time an adequate method of differentiating epithelial 
and endothelial cells in the glomerular tuft has been found. In addi- 
tion, the first detailed description of the glomerular basement membrane 
has been accomplished. These two factors become of considerable sig- 
nificance now in the interpretation of glomeruli as normal or abnormal 
and in determining and evaluating glomerular changes in disease. 

Recently advanced interpretations of glomerular histology indicate 
that the afferent glomerular arteriole, which is composed of a muscular 
media (circular fibers) and an elastic interna, pierces almost to the 
center of the loops of the interwoven capillaries before breaking up into 

4. Vinitrup, B. J. ; Am. J. Anat. 41:123, 1928. 

5. Fahr, T., in Henke, F., and Lubarsch, O. : Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1925, vol. 6, 
pp. 6-290. 

6. Richards, A. N., and Schmidt, C. F. : Am. J. Physiol. 71:178, 1924. 

7. Russell, Dorothy S. : Medical Research Council, Special Report Series, 
no. 42, 1929. 
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from two to four, or at times more, primary bi*anchcs, which in turn 
break up into the secondary branches or capillaries. After forming a 
series of interlacing, but apparently not anastomosing, loops these. sec- 
ondai'y branches rejoin to form the efferent arteriole, or vas efferens, 
composed of smooth muscle (circular fibers) without any elastic mem- 
brane (Maximow ®) or composed of a circular network of cells 
(pericytes of Zimmerman) without muscle libers (Bensley °). Each indi- 
vidual capillary loop is closely covered when not in contact with another 
loop, by an epithelial investment composing the visceral layer of Bow- 
man’s capsule. The afferent and efferent vessels are supplied by nerve 
fib/crs, but it is questioned that the capillary loops themselves receive 
any direct or indirect nerve supph'. It has generally been considered 
that the diameter of the vas afferens is twice that of the vas efferens, 
but recent work by Bensley would seem to question this definitely, and 
he has expressed the belief that they are of approximately equal size. 

In the average section of from 10 to 15 microns in thickness, made 
through the greatest diameter of normal glomeruli, the total number of 
cells present, according to Mertz,*° is constant between 120 and 141. 
He found from 3 to 30 of these to be leukocytes, and the remainder 
he did not differentiate. Von Mollendorff and Bargmann both 
concluded that there were at least ten times as many epithelial as 
endothelial cells within the tuft, although quantitative studies were not 
reported. McGregor concluded that endothelial cells were much less 
numerous than epithelial cells. 

The presence of endothelial cells within the capillary loops of the 
glomerulus has long been conceded, but the absolute number present, 
and the presence or absence of boundaries between them, have been 
disputed. Von Mollendorff described the endothelium of the glomeru- 
lus in man as consisting of a fine layer with few nuclei, and with visible 
cytoplasm only at points where endothelial nuclei were found. He did 
not observe cell boundaries between them. 

Russell observed that “the capillaries are lined with an apparentl}'^ 
interrupted layer of endothelial cells.” In addition to the endothelial 
cells within the capillaries McGregor described certain cells “probably 
endothelial, which lie inside the glomerular basement membrane, but 
partially surrounded by it.” 

8. Maximow, A. A.: A Textbook of Histolog}% ed. 1, Philadelpliia, W. B. 
Saunders Company, 1930. 

9. Bensley, R. D. ; Am. J. Anat. 44:141, 1929. 

10. Mertz, Albrecht: Centralbl. f. allg. Path. u. path. Anat. 29:321, 1918. 

11. von Mollendorff, Wilhelm: Ztschr. f. Zellforsch. u. mikr Anat 6-441 
1927. 

12. Bargmann, W. : Ztschr. f. Zellforsch. u. mikr. Anat. 8:765, 1929. 
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Exact studies of the glomerular basement membrane have been 
presented only recently, since they have depended on the development 
of an adequate technic of staining. Various descriptions of this mem- 
brane have been given. Von Mollendorff described the membrane as a 
true structure in the glomerulus, homogeneous and formed by the 
endothelium. In addition, he expressed the belief that the cytoplasm of 
the ovei'lying cells sent out long pi-ocesses, mostly parallel with the long 
axis of the capillaries, and that these processes divided into finer 
branches. Volterra,^'* however, described the membrane as a recticular 
adventitia, in the form of a continuous membrane of netlike type, in 
which the network consisted of argyrophil connective tissue fibrils. He 
interpreted the cells overlying it, that is, “deck” cells, as being pericytes 
adherent to the membrane and forming it. The endothelium simply 
rested on the membrane. Corner had also previously expressed his 
view that “the endothelium of the glomerular tuft is in no case provided 
with reticulum, affording a marked contrast to that of the intertubular 
capillaries.” 

Bargmann described the glomerular membrane as a deep black or 
brown granular line when impregnated with silver. Russell observed 
the membrane to be a “delicate rcfractilc basement membrane.” 
McGregor found the membrane to be homogeneous for the most part, 
although near the hilus a laminated appearance occurred at times. 
“Whether the membrane is fibrillar or Avhether the extra fibrils belong 
to the connective tissue cells of the Avascular pedicle has not been deter- 
mined. . . . (It) does not stain with any of the silver impregnation 

methods used.” The origin and nature of the basement membrane have 
been disputed. As noted previously, von Mollendorff expressed the 
belief that it is a homogeneous, structureless membrane of endothelial 
origin. To this Bargmann agreed. \'olterra, however, believed 
it to be a connective tissue structure formed by the pericytes or deck 
cells surrounding the loops, since it acts as a connective tissue structure 
in taking the silver impregnation and also Mallory’s stain. He also 
expressed the belief that the processes Avhich A'^on Mollendorff described 
were really connective tissue fibrils that formed a histologic unit Avith 
the basement membrane, and that instead of being of A^ariable thick- 
ness, the fibrils were uniform in Avidth. The lack of uniformity of 
opinion as to the embryology of the glomerulus prevents a definite 
statement as to the origin of the membrane. McGregor noted, how- 
ever, that the membrane Avas “closely associated Avith the glomerular 
epithelium and Avas present before the glomerular capillaries appeared.” 
Although the glomerular membrane is directly continuous Avith the 

13. Volterra, M. : Ztsclir. f. Zellforsch. u. mikr. Anat. 7:135, 1928. 

14. Corner, G. W. ; Carnegie Inst., Contrib. Embryol., 1920, a’oI. 9, p. 87. 
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basement membrane of the tubules, it is not similar physiologically, as 
will be pointed out later. The questions which are unsettled in regard 
to the normal membrane are therefore: (1) its origin; (2) the presence 
or absence of a fibrillar structure, and (3) the presence or absence of^ 
the property of being impregnatablc with silver. 

Discussion of the glomerular epithelium or “deck Zellen” raises the 
question as to the exact nature of these cells. They have been called 
pericytes, adventitial cells and epithelial cells. Some workers have 
considered them to be vascular cells ; others believe them to be epithelial 
cells. Von Mollendorfi: described them as being morphologically similar 
to the adventitial cells or pericjdes of the capillary bed. He described 
the long, branching processes that have been noted. V olterra expressed 
his belief that the cells are perithelial, but he did not see any processes 
on them. Bargmann agreed with von Mollendorfi as to the presence 
of processes in the deck cells. Russell stated that the epithelial cells 
covering the loops frequently “appear to be absent from the convexities 
of the lobules though small groups can be detected within the inter- 
lobular clefts. In some kidneys a complete investment of the tuft has 
been seen, these kidneys were pathological, but there is no reason to 
believe that the pathological changes did more than render the normal 
structure more prominent.” McGregor remarked : “These cells form 
a complete single layer covering over the tips and crevices of the capil- 
laiy tufts. At the hilum they are continuous with the capsular, and 
thus with the tubular, epithelium. They lie outside the glomerular 
basement membrane which separate them from the endothelium. The 
arrangement is not syncytial and cell boundaries are easily seen. They 
are much more numerous than endothelium.” 

The presence of connective tissue cells within the tuft is generally 
believed to be limited to the hilar portion of the glomerulus. Undoubted 
connective tissue cells and their fibrils are to be seen in this portion 
of the tuft, and the)'' are well shown by the use of silver stains. 
Although older writers believed them to be present in the periphery of 
the tuft, recent careful observation has failed to sustain this impression. 

The glomerulus has been considered to be a structure for the filtra- 
tion or secretion of the glomerular fluid from the blood plasma. It is 
not my purpose in this paper to enter into a detailed consideration of 
the various theories of glomerular function. The brilliant studies of 
Richards and his collaborators, have given ample evidence to warrant 
the assumption, and more recently they have conclusively proved, that 
filtration occurs in the glomerulus of the amphibian kidney. It is not 
necessary to elucidate this point, the details of which are familiar to 
physiologists and clinicians as well. However, in the recent work of 

IS. Richards, A. N.: Am. J. M. Sc. 170:781, 1925; footnotes 2 and 6. 
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White, evidence has been presented again that might lead one to believe 
that glomerular secretion was to be considered as a factor in the elabora- 
tion of this fluid. It might also be slated that there is still a feeling 
among certain workers that glomerular secretion does exist. This is 
exemplified by the work of White that has been noted, as well as by 
the opinion expressed in a recent textbook: “One conclusion can be 
safely deduced from the study of the structure of the kidney. The 
malpighian corpuscle with its glomerulus and capsule of Bowman must 
act as a filtration apparatus.” And yet the author adds : “Thus it is 
possible that the passage of the liquid through the endothelium of the 
glomerular capillary tuft, and through the covering epithelium, may 
be at least partly ‘a vital phenomenon.’ ” 

MATERI.-VL AXD METHODS OF PRESENT STUDY 

The present study was made on a scries of kidneys obtained post 
mortem from subjects who were apparently in normal health until the 
time of death. The group included young persons only, all less than 
40 years of age, who were killed accidentally or who died shortly after 
injury. Postmortem material was studied because it is the type of renal 
tissue generally observed by the pathologist, and an understanding of 
the appearance of normal postmortem renal substances is essential to 
the proper interpretation of renal tissue as normal or abnormal. 

The kidneys of twenty-five, apparently previously licalthy, subjects were studied. 
The tissues, which were obtained from one to four hours post mortem, were fixed 
in Zenker’s fluid or in formaldehyde 10 per cent. Tissues fixed directly in 
Zenker’s fluid gave the more satisfactor 3 ' results. Tissues fixed in formaldehj-de 
were taken to Zenker’s fluid by the method of Davidoff ammonia water, ivliich 
was fairly satisfactory, and by the use of the Weigert mordant,^® which gave much 
more satisfactory^ results. The latter method had the slight disadvantage of being 
more time-consuming. Paraffin sections were cut at a thickness of 8 microns, and 
the following stains were used : hematoxydin and cosin, van Gieson’s sudan III, 
Orlandi’s (Bielschowsky’s modification by Noel) and Heidenhain’s azan carmine 
modification of Mallory’s aniline blue. 

There are several minor disadvantages in the latter method of staining. Uni- 
form results are not always obtainable, although tissues may be uniformly^ handled. 
This necessitates at times individualization of sections, which, however, is not 
difficult. Another difficulty is that the variability of absorption of the azan 
carmine portion of the stain by erythrocytes and fixed cells is such that even 
within the same section differentiation of cells is unsatisfactory' on the basis of 
staining reaction alone, and one must, therefore, depend on the morphologic dif- 
ferences and the position of the cells in relation to other known structures, for 
example, the basement membrane. 

16. White, H. L.; Am. J. Physiol. 90:689, 1929. 

17. Davidoff, L. M. ; Am. J. Path. 4:493, 1928. 

18. Kernohan, J. W. : Personal communication to the author. 
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OBSERVATIONS 

In general, the appearance of the glomeruli studied is similar to 
that described by McGregor, but several important deviations are to be 
pointed out (fig. 1). 

Glomerulus as a Whole . — Glomeruli in the same microscopic section 
from a normal kidney show considerable variation in general appear- 
ance. There is variability as to size of the tufts, as to the presence or 
absence of large numbers of erythrocytes and as to the number Of capil- 
lary loops that are wide open and dilated. Certain glomeruli appear 
large and wide open, with capillaries that may or may not be filled with 



Portion of a normal human renal glomerulus; a, capsular epithelium; b, 
glomerular epithelium ; c, endothelium, and d, glomerular membrane. Many of the 
epithelial cells have been desquamated; X ^20. 

erythrocytes; other glomeruli, cut apparently through their greatest 
diameter, are much smaller, bloodless, and with little, if any, capillary 
space visible. With the use of ordinary stains such glomeruli might be 
considered abnormal, but with the use of the Mallory-Heidenhain 
stain (aniline blue and azan carmine), which brings out the individual 
features of the glomeruli, proper interpretation can be made. 

The afferent arteriole, when it is visible, is often very large, and 
appears much larger in diameter than the efferent arteriole, which is 
less frequently seen. 

Occasionally glomeruli with partial or complete hyalinization are 
observed in the normal kidne 3 C 
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Glonicnihr Epithelium . — The glomerular epithelium forms a single, 
continuous layer of squamous epithelial cells, with cell boundaries, 
overlying the capillary loops of the tuft, and continuous with the 
epithelium that lines the parietal wall of Bowman’s space. The cyto- 
plasm is usually a thin layer, except in the region of the nucleus, which 
is usually elongated. In sections of kidney, as they are generally 
obtained post mostem, a considerable portion of both the visceral and 
the parietal layer of epithelium of Bowman’s capsule may be des- 
quamated. These cells are the first in the glomerulus to desquamate 
post mortem, and improper interpretations are easily made, especially 
if many of the capillary loops arc bare. These desquamated cells are 
frequently the source of a considerable amount of the debris that is 
commonly found within the capsular space. This debris may erroneously 
be interpreted as albuminous material coming from the capillary loops. 
Its rather coarse granular appearance, however, distinguishes it from 
the more homogeneous glassy appearance of coagulated albumin. The 
epithelial cells are the least important of the glomerular structures in 
the study of glomerular changes in disease. 

Glomerular Endothelium . — The glomerular endothelium is visible 
as an apparently interrupted layer of flattened nuclei surrounded by a 
minute amount of cytoplasm within the glomerular membrane. There 
are several features worthy of attention. In the first place, although 
cytoplasmic bridges between the individual nuclei are not ordinarily 
visible, they are occasionally seen when the nucleus along with the 
cytoplasm is detached from the underlying membrane. In such an 
instance the cytoplasm can be observed as a thin line, frequently several 
times the length of the nucleus, extending in both directions from it. 
Cell boundaries have not been obseiwed. Another feature of importance 
is the frequent occurrence of endothelial cells, which appear large and 
swollen, but not vacuolated, and which project for a considerable dis- 
tance into the lumen of the capillary and would therefore seem partially 
to obstruct it. These cells are so frequently observed that they can- 
not be considered to be abnonnal. In a large, dilated, blood-filled 
capillary loop the endothelial cells are flattened; whereas, in a small 
capillary loop that appears someAvhat contracted and is usually blood- 
less or' contains an occasional erythrocyte only, the endothelial nuclei 
are frequently more oval or rounded, and they seem to occupy rela- 
tively more space within the capillai*y. Evidences of proliferation and 
hyaline fibers have not been observed under such conditions. 

It is also to be pointed out that the number of endothelial cells in 
relation to the immber of epithelial cells is variable. Desquamation of 
epithelial cells, which is a normal postmortem occurrence, is likely to 
render erroneous relative counts of the numbers of endothelial and 
of epithelial cells in the normal person. Unless a given glomerulus is 
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well covered with epithelial cells and unless desquamation is absent, 
counts are of little value. In the present study, numerous counts of the 
normal number of cells have been made, and from this experience esti- 
mates haA^e been made relative to other glomeruli, without quantitative 
examination. These studies show that in the ordinary glomerulus from 
one fourth to one sixth of all nuclei observed, exclusive of those of 
leukocytes, are of endothelial cells. 

Nuclei are found frequently Avithin the glomerular membrane at 
points other than the hilus, and they haA^e the appearance of endothelial 
nuclei. Cytoplasm surrounding them is rarely- visible. These cells 
may be significant in the origin of the memln'ane, and they occasionally 
are abundant. 

Glomerular (Basement) Membrane. — The basement membrane of 
the glomerulus is an important part of the glomerulus, forming its basic 
structure, and it undergoes marked changes in nephritis and hyper- 
tension. These changes, Avhich are in large part characteristic of the 
disease present, are interpreted correctly only if the appearance of the 
normal glomerular membrane is knoAvn. In the normal glomerulus 
presenting Avidely dilated loops, the membrane is a thin, blue, homo- 
geneous line Avith the Malloiy stain; in loops that are not so Avidely 
dilated, the membrane is thicker, may have a fibrillar appearance, and 
not infrequently contains nuclei A\dthin it. The membrane is thickened 
not only at points Avhere the capillary loops divide, but also occasionally 
at points where branching cannot be obserA’-ed. These thickened por- 
tions usually do not decolorize as readily as the thinner portions of the 
membrane. Inadequate decolorization of the glomerular membrane 
(stained Avith Mallory’s aniline blue) may lead to appearances sug- 
gesting a thickened membrane, an appearance Avhich further decoloriza- 
tion Avill obliterate. 

Studies of the glomerular membrane have been made with the 
Orlandi silver impregnation method, but the membrane did not become 
impregnated with silver in any of the cases observed. The outer layers 
of the capsular membrane, however, do take up the silver, for they are 
part of the intertubular structural framcAvork, AAdiich, of course, becomes 
impregnated with silver also. 

Connective Tissue. — ConnectiA'^e tissue cells and fibrils are always 
to be seen at the hilus of the tuft, and they may extend as far as the 
central portion of the glomerulus. The nuclei, which resemble those of 
the endothelial cells, frequently can be distinguished by ordinary stains, 
since they are more elongated and less oval. At times these cells are 
numerous at the region of the hilus. With silver impregnation methods, 
these cells and their fibrils stand out distinctly. 
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Leukocytes. — Leukocytes, usually polymorplionuclcar, are to be seen 
scattered throughout the capillary loops. The average glomerulus rarely 
contains more than fifteen such cells. Any type of leukocyte observed 
in the blood may he seen within the glomerular ca])illary loops. 

Tubules, Blood Vessels and Other Structures. — Little attention has 
been paid to the tubules in the present study because of the variability 
of their staining reactions with the Mallory-Heidcnhain stain. Uni- 
formity is lacking, and nothing distinctive that cannot he observed by 
the simpler stains has been observed. H3'aline droplets within the tubular 
cells take a stain varying from bright red to orange. The inter- 
tubular network is stained a bright blue by this method. The erythro- 
cytes within the capillaries show variation of color from gray to yellow, 
orange or red, even within tlic same capillary loop. The structure of 
the smaller and of the large blood vessels is admirably shown by the 
use of this stain. 

COMMENT 

Anatomic Considerations. — The Mallory-Heidcnhain stain has proved 
to he invaluable in the study of the renal glomerulus and is worthy 
of use as a routine in the study of postmortem material in the patho- 
logic laboratory. Its chief advantage is that it stains the component 
parts of the glomerulus so that they can he distinguished from one 
another and can be studied separately. This allows a much more care- 
ful analysis of glomerular changes as they are seen under the micro- 
scope. It is important to point out, however, that before interpretation 
of the abnormal is made, careful study and understanding of the normal 
glomerular structure is necessary. 

Several points have been mentioned that are believed to he of sig- 
nificance in the consideration of the structure of the normal glomerulus 
of man. These are: (1) the variability in size of the capillary loops 
and the consequent variability in the thickness of the glomerular mem- 
brane; (2) the presence of regions of thickening in the membrane at 
points other than the branching of capillaries, and the fibrillar appear- 
ance of the membrane at such points of thickening; (3) the number 
and characteristics of the epithelial and endothelial cells of the tuft ; 
(4) the relatively large number of cells found within the glomerular 
membrane; (5) the relative infrequence of leukocytes, and (6) the 
failure of the glomerular membrane to become impregnated with silver. 

The glomerular membrane has become the most distinctive histologic 
feature of the glomerulus since the application of this method of stain- 
ing. Interpretations of its structure and appearance vary and it must 
be taken into consideration in phj'^siologic interpretations, as has been 
mentioned. It plays an important part in the pathogenesis of glomerular 
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disease. The nature of this membrane and its relationship to the other 
basement membranes of the kidney is uncertain, as will be brought out. 

The presence of numerous thickened portions in the normal 
glomerular membrane is of significance, for this might readily be con- 
sidered to be abnormal. These thickened portions occur at junctures of 
capillaries, as pointed out by McGregor, and they are also seen where 
capillary branching does not occur. Improperly decolorized regions 
must not be confused. In such thickened portions the membrane has a 
fine fibrillar appearance, and endothelial nuclei are not infrequently 
found within the membrane at such points. No further light has been 
thrown on the origin of the membrane in the present study. The nuclei 
found within the membrane may possibly be of some significance in 
this respect. Thickening of the glomerular membrane occurs in cases 
of glomerular nephritis and hypertension and has been reported in cases 
of lipoid nephrosis,^'-' and although in most of these cases the thickening 
is obvious, in others it has been found to approach the normal appear- 
ance. The failure of the glomerular membrane to become impregnated 
with silver is noteworthy. Although the glomerular membrane is directly 
continuous with the intertubular and capsular membranes which become 
impregnated with silver, the glomerular membrane does not act similarly. 
This is a distinguishing factor which cannot be overlooked. Although 
it cannot be adequately explained at present, it signifies a difference in 
chemical structure between this membrane, which is apparently exclu- 
sively a filter, and the intertubular membrane of the kidney. Whether 
or not there is a difference in the function of these two types of mem- 
brane, which are apparently continuous, remains to be determined. 
Corner studied the reticulum in various organs, especially the kidney, 
and he came to the conclusion : “In the renal cortex, between the con- 
voluted tubules and about the glomerulus, the ‘stroma’ is no more nor 
less than a network of recticular fibrils embedded in the cytoplasm of 
the capillary endothelium or deposited by the latter against the tubules 
and Bowman’s capsule. True fibroblasts are ver}'- infrequent — perhaps 
altogether absent.” This conception that fibers of reticulum are pro- 
duced by endothelial cells was not new, since Mall and Evans 
previously had reported such a structure in other organs ; for example, 
the suprarenal glands, the thyroid gland and corpus luteum. Corner 
continued : “The endothelium of thecglomerular tuft is in no case pro- 
vided with reticulum, affording a marked contrast to that of the inter- 
tubular capillaries.” That there may be. differences between capillary 
endothelial cells within the glomerulus and the intertubular blood ves- 
sels seems possible ; Corner stated : “It seems, therefore, that capillary 


19. Bell, E. T.: Am. J. Path. 5:587, 1929. 

20. Mall, F. P. : Math. Phys. Abhandl. 17:295, 1891. 

21. Evans, H. M., quoted bj' Corner (footnote 14). 
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endothelivim can form reticulum fibrils in those organs whose blood 
capillaries come into direct contact with active secreting epithelial cells. 
\Miere support of tissues is by connective tissue, the endothelium seems 
devoid of reticulum fibrils. It will he important to determine if these 
two types of fibers are chemically different and if the endothelial cells 
which form and those which do not form fibers are different.” There 
are two other points of difference between the glomerular membrane 
and the tubular basement membrane which are worthy of mention. The 
first is that the glomerular membrane decolorizes more rapidly than 
does the tubular basement membrane during the process of staining 
with IMallory’s aniline blue. The second point is that fibrous tissue 
change occurs much more readily under abnormal conditions in the 
intertubular reticulum than within the glomerulus. This is illustrated 
by the example occasionally seen, in which, along with an increase in 
the fibrous tissue between the tubules, there is also an increase of this 
tissue surrounding the parietal layer of Bowman’s capsule, at times 
compressing it, and at times with no change within the glomerular tuft 
itself. Careful study of such glomeruli reveals that the proliferation of 
fibrous tissue which has occurred around the glomerular capsule involves 
the outer layer of the double covering, which is in fact made up of the 
intertubular reticulum. The inner layer, which is a homogeneous, nar- 
row membrane that does not become impregnated with silver, is not a 
part of the process, and there is no change in the glomerulus. It is a 
possibility that the intracapillary hyaline fibers formed between the 
proliferating endothelial cells in the glomerular tuft in glomerular nephri- 
tis may be endothelial in origin, since these fibers occasionally become 
impregnated with silver, as do the reticular fibrils in the intertubular 
regions. Since all the cells within the glomerulus are of mesenchymal 
origin, it is theoretically possible that any type of cell, particularly under 
abnormal influences, may produce fibrils. The fibrils found in the 
crescent, which have a similar origin, become impregnated with silver 
also. 

Attention should be called to the distinguishing features of the 
epithelial and endothelial 'cells of the tuft. Although certain minor 
morphologic and staining differences exist between these cells, the most 
accurate method of differentiating them is by determining their relation- 
ship to the glomerular nierabrane.3 All nuclei, excluding those of leuko- 
cytes, inside the glomerular membrane are endothelial, and all nuclei 
outside it are epithelial, regardless of form or staining reaction. The 
position of the cell in regard to the membrane is by far the most dis- 
tinguishing feature and the only one that should be used at present. 

Recent reports in the literature indicate that glomerular epithelial 
cells are ten times as abundant as glomerular endothelial cells. The 
present study has not borne out this statement, since it has been found 
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that approximately from one fourth to one sixth of all glomerular cells, 
exclusive of leukocytes, are endothelial. This may be of importance in 
the consideration of early changes in glomerulitis, since endothelial pro- 
liferation is probably the first important step in this process. Endo- 
thelial proliferation has been reported in cases of clinical glomerular 
nephritis and in lipoid nephrosis. As in thickening of the glomerular 
membrane, marked proliferation of endothelial cells is easily discernible, 
but a slight amount of proliferation and increase in number of cells 
may be confused with the normal. It should be mentioned, also, that 
the endothelial cells which normally appear rounded and oval, and 
which partially obstruct small capillary loops, may be mistakenly iden- 
tified as proliferating endothelial cells. In addition, the large number 
of endothelial cells in the normal condition makes it more reasonable 
to believe that the capillary wall is completely covered by a layer of 
endothelial cells and not by an apparently interrupted layer of endo- 
thelial cells, as recorded by Russell. Boundaries between the endothelial 
cells have not been observed. 

The presence of endothelial cells within the membrane is more diffi- 
cult to explain. These cells may have some significance from the 
embryologic standpoint, the)^ may be of significance in the formation and 
maintenance of the membrane in the adult glomerulus, ,or they may pos- 
sibly be the remnants of previous capillary loops that have collapsed 
and disappeai*ed, leaving the lining endothelium within the layers of 
the glomerular membrane, which in time becomes thinner. Since proc- 
esses or fibers within these cells cannot be seen, it is difficult to inter- 
pret them exactly. 

The cells covering the glomerular tuft, over which there has been 
considerable discussion, as already mentioned, are most probably epithe- 
lial cells and not vascular or adventitial cells or pericytes. They are, 
most likely, epithelial, because they coA'er a surface, and because the}' 
are directly continuous with, and react similarly and synchronously with, 
the tubular epithelial cells in desquamation and degeneration. In addi- 
tion the glomerulus of the human infant presents epithelial cells that 
are columnar or cuboidal and closely compacted, an appearance that 
strongly suggests that they are epithelial cells. It is only as the adult 
stage is reached that these cuboidal cells flatten out and give the squamous 
appearance usually observed. Processes arising within these cells 
and extending beyond them have not been observed, Russell stated 
that the epithelial cells covering the loops frequently “appear to be 
absent from the convexities of the lobules.” She wrote, also, “In some 
kidneys a complete investment of the tuft has been seen; these kidneys 
were pathological, but there is no reason to believe that the pathological 
changes did more than render the normal structure more prominent.” 
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It seems obvious that such statements arc the result of observing 
normal glomeruli from which the most of the epithelium had been 
desquamated. 

The presence of leukocytes within the capillary loops is not of par- 
ticular significance. In the present study a smaller mimher has been 
found than has been previously reported. It was formerly believed 
by some that the proliferation of cells within the glomerular capillaries 
in nephritis was of large mononuclear lculcoc 3 -tcs. This does not seem 
likely at present, since careful stud}’ has shown these proliferating cells 
to be the endothelial cells of the cajiillary walls. In certain severe infec- 
tions, such as pneumonia, one occasional!}^ secs large collections of 
leukocytes (mononuclear and polymorphonuclear) in the glomerular 
capillaries, but the reaction is different from that seen in glomerulitis in 
clinical glomerular nephritis. Leukocytes are also to be found in the 
glomerulus in suppurative or embolic glomerular disease. In the 
normal glomerulus all types of leukocytes arc found, just as they occur 
in the circulating blood. 

Physiologic Considerations . — The anatomic evidence, considered in 
the light of present physiologic knowledge, seems as overwhelmingly in 
favor of a filtration theory of glomerular function as does the physio- 
logic evidence. This concUusion is adduced following careful study of 
the normal glomerular structure in man. The glomerulus anatomicall}' 
seems admirably adapted for the ])hysiologic process of filtration and, in 
addition, does not contain any structure that seems adapted for secretion 
as this term is ordinarily used. The structures concerned are several : 
(1) endothelial cells, which apparently are the same as capillary endo- 
thelium elsewhere in the body, and therefore should not be considered 
as secretory cells; (2) the glomerular membrane, which obviously can- 
not secrete, and (3) the epithelium, the cells of which are the only 
structures in the glomerulus which might possibly secrete, but which, 
although directly continuous with, and perhaps derived with, the tubular 
epithelium from the same embryonal tissue, careful study and thought 
indicates are not secretory cells. The paucity of cytoplasm in these 
cells, their close resemblance to the parietal epithelial cells of Bowman’s 
capsule and other squamous cells, and their relatively small number, 
considering the large volume of glomerular fluid produced, are anatomic 
points strongly in favor of the absence of secretion. It should be 
mentioned that the failure of the glomerulus to secrete does not class 
it as a “dead membrane,” as it is sometimes referred to, any more than 
does the failure of the capillaiy membranes elsewhere to secrete classif}'" 
them similarly. It might also be noted that there is some similarity 
between the glomerular wall and the wall separating the narrow descend- 
ing limb of Henle’s loop from the intertubular capillary surrounding it. 
That is, these walls are made up of narrow, pavement epithelium, a 
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basement membrane and endothelial cells. As far as is known, secretion 
has never been considered as occurring in this region. 

The observation of the variability in size of the glomerular capil- 
lary loops in renal tissue of man, obtained after death, may be the 
result, in part, of the physiologic state of the tissue at the time of 
death. As has been mentioned, the glomerular capillary loops may 
appear large and dilated, and filled or empty of blood, or they may be 
small, with a lumen that would hardly admit a single erythrocyte. 
All variations between these two states are seen in normal glomeruli 
in the same or different kidneys. Corresponding with these states, one 
may find the glomerular membrane thin, or thickened with endothelial 
cells, which may be flattened and without visible cytoplasm or may 
have nuclei that definitely obstruct the lumen of the loop. The obser- 
vations of Richards and Schmidt on the kidney of the living amphibian 
led them to the conclusion that the individual capillaries did not vary 
in caliber, but that intermittence of flow in individual loops depended 
on the contraction and relaxation at the juncture of the capillary 
with the afferent and efferent arterioles. The capillary loops, in other 
words, were passive structures, the flow of blood through which 
depended on the opening and closing of “sphincters” at the extremities 
of the capillary loops. However, the distensibility of the capillaries is 
admitted by Richards ; it has been observed by him directly in the 
frog’s kidney and has been indirectly inferred from changes in renal 
volume following the application of chemical stimuli to the living 
kidney. 

The intermittency of action of the whole and of part of the renal 
glomerulus of man is indicated by the observations just cited. This 
observation rnay prove to be important also from tbe standpoint of 
determining the state of the renal circulation at the time of death in 
such conditions as acute renal insufficiency and shock. It is of value 
also from the standpoint of interpretation of glomerular changes, 
such as occlusion of a single capillary loop, or in the absence of 
erythrocytes from capillary loops, for such appearances might readil}^ 
be confused with abnormal conditions sometimes seen. The use of 
this stain (Mallory-Heidenhain) brings out details which either cannot 
be. interpreted or which are misinterpreted when seen in sections 
stained by ordinary methods. 


CONCLUSIONS 

The anatomic evidence, considered in the light of present physiologic 
knowledge, seems as overwhelmingly in favor of a filtration theory of 
glomerular function as does the physiologic evidence. 

The Mallory-Heidenhain (aniline blue and azan carmine) stain, 
which stains the individual structures of the glomerulus distinctively. 
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is worthy of being used as a routine in the laboratory in the study of 
renal tissue obtained post mortem. 

There is marked variability in the size of the glomerular capil- 
laries observed post mortem in a single kidney, and this may be evi- 
dence of the state of the renal circulation at the time of death. It may 
possibly indicate the intermittence of glomerular activity in the kidney 
of man. 

The glomerular membrane is of variable thickness, is at times 
fibrillar in appearance, and occasionally contains many nuclei. The 
chemical properties of the glomerular membrane differ from those of 
the intertubular membrane of the kidney. 

Endothelial cells are more numerous, and leukocytes less numerous, 
in the glomerulus than has previously been indicated. 



EFFECT OF INJECTION OF TRYPAN BLUE ON 
RATE OF SEDIMENTATION OF ERYTHRO- 
CYTES IN INFLAMMATION * 

GUSTAVUS li. KLINCK, JR., M.D. 

PI1II.ADELPHIA 

Since it is recognized that inflammation usually acts as a protective 
mechanism, it is natural to attempt to discover common factors in the 
production of antibodies and in the process of inflammation. It seems 
to be possible that those cells •which many believe to have a role in the 
production of antibodies, the cells of the so-called I'eticulo-endothelial 
system, may be involved in the process of inflammation and particularly 
in the increased production of fibrinogen that usually follows inflam- 
mation. This possibility was suggested by an observation by Freund ^ 
on the influence of age on the production of antibodies and the response 
to inflammatory irritants : Studying the immunity conditions in adult 
and in very young animals, he found that the production of antibodies 
is poor in )"oung rabbits. He also found that the intracutaneous injection 
of pneumococci causes only a slight rise in the rate of sedimentation of 
red blood cells in young rabbits as compared with the greater rise that 
he observed in adult rabbits.- 

It has been known for a long time that an increase of blood fibrinogen 
accompanies the infectious diseases associated with leukocytosis, such 
as pneumonia, erysipelas, scarlet fever, etc.'" Fahraeus noticed 
that an increase in the rate of sedimentation of red cells occurred in 
many diseases ; that an increase in the rate is accompanied by an increase 
of -blood fibrinogen ; that these changes are fairly i^arallel. Increased for- 
mation of rouleaux is uniformly pi'esent in smears made from blood that 
has a high rate of sedimentation, and this increased formation of 
rouleaux is due to physical changes in the red cells brought about by a 
rise in the amount of fibrinogen.'* The formation of rouleaux binds 
numbers of red cells into masses, and the sinking velocity of such 
aggregations becomes greater as their size increases. 

Submitted for publication, March 7, 1931. 

* From the Department of Pathology, School of Medicine, University of 
Pennsylvania. 

1. Freund, J. ; J. Immunol. 11:383, 1926; 18:315, 1930. 

2. Freund, J. : Personal communication to the author. 

3. Pfeiffer, T. : Ztschr. f. klin. Med. 33:214, 1879; Centralbl. f. inn. Med 19-1 
1898. 

4. Fahraeus, R. : Physiol. Rev. 9:241, 1929. 
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In recent years it has l)een established that the injection of india 
ink or other dyestuffs, such as trypan blue, carmine, janus green, etc., 
into guinea-pigs, rabbits, rats and mice causes a retardation or a diminu- 
tion in the formation of antibodies,'"’ also in the development of 
sensitiveness to tuberculin, and interferes with the chemotherapeutic 
action of certain drugs. The action of the dyes is frequently interpreted 
as a “blockade” of those cells in which the presence of the dyestuffs 
can be demonstrated by histologic examination, i. e., the so-called reticulo- 
endothelial cells. The experiments of Smith," however, clearly showed 
that when the administration of certain dyes is followed hy the injection 
of another dye, both dyes can be found in the cells. In the light of these 
experiments it is possible that the injection of dyes does not “block” 
the cells to the entrance of antigens. It seems probable that the cells 
storing the dye stuffs are able to take in antigens, but that their function 
in the production of antibodies is modified. An extensive review of the 
subject of the storage of dyestuff’s in cells has been published by 
Jungeblut." 

In order to throw light on the question as to whether or not the 
reticulo-endothclial system has a role in the increase of the velocity of 
the sedimentation of the red blood cells that usually follows inflammation, 
it was planned to compare the Fahraeus reaction in rabbits that were 
treated with trypan blue and by injections of pneumococci, with the 
reaction in rabbits that were treated only by injection of pneumococci. 

In passing it may be mentioned that in the first attempts to produce 
inflammation a sterile solution of aleuronat was used, but the change in 
the rate of sedimentation of the red blood cells was only moderate. Good- 
lier ® showed that the injection of pneumococci into the skin of rabbits 
produces an extensive inflammation that heals in the majority of the 
animals within ten days. 

TECHNIC 

In all e.xperinients adult, nonpregnant, gray rabbits, weighing from 2 to 2.5 Kg., 
Avere used. Usually four subcutaneous injections of 2 cc. of a sterile 1 per cent 
solution of trypan blue were given on successh-e days. The skin and sclerae of 
the animals became intensely blue, and this color failed to increase in intensit 5 '^ on 
further injections. After these preliminar}' injections the animals received sub- 
cutaneous injections of similar amounts of the dye on alternate days. The per- 
sistence of a deep blue color of the blood plasma throughout the experiments 
was evidence that the rabbits had more dye than thej' could store. The control 
animals received no dye. 

5. Gay, F. P., and Clark, A. R. : Reticulo-Endothelial System in Relation to 
Antibody Formation, J. A. M. .A. 83:1296, 1924. 

6. Smith, H. P.: J. Exper. Med. 51:395, 1930. 

7. Jungeblut, C. W. : Ergebn. d. Hj'g., Bakt., Immunitatsforsch. u. exper. 
Therap. 2:929, 1930. 

8. Goodlier, K.: J. Exper. Med. 48:1, 1928; 38:413. 1928. 



KLlNCK—SEDIMENTAriON OF ERYTHROCYTES 


431 


The sides of the “blocked’’ and control animals were shaved, and each was 
given an intracntaneous injection of 0.1 cc. of a 1 .TOO dilution of an eighteen-hour 
culture of virulent type I pneumococci. The pneumococci were grown in blood 
broth and diluted in plain broth. 

Before the animals were treated in any way, it was determined that the rates of 
sedimentation of their red cells were within the accepted normal limits. Readings 
were made on the day of injection of the pneumococci and on alternate days there- 
after until the rates of sedimentation returned to normal. To obtain blood for 
tests of sedimentation, the ears of the rabbits were shaved and covered Avith 
petrolatum, and the marginal A-ein Avas cut Avith a razor. The blood was allowed 
to floAV into a graduated test tube that contained a definite amount of 3.7 per 
cent solution of sodium citrate. The proportion of blood to citrate aa’us 4:1. The 
citrated blood, after being shaken, Avas draAvn up to a height of 20 cm. in tubes that 
had an inside diameter of about 2.5 mm. The loAver end of the tube Avas then 
forced doAvn into a plaque of modeling claj- and carefully adjusted so as to stand 
A'ertically. At the end of an hour the height of tlie column of plasma that 
separated aboA'e the red cells Avas read in millimeters. 

In the majorit}’ of the experiments estimations of fibrinogen Avere made by 
means of the Abbe refractometer. After centrifugation of the citrated blood, a 
refractometer reading AA'as taken on the plasma. The plasma AA-as then placed in 
a Avater bath at 59 C. for fiA-e minutes, Avhich caused a coagulation of the fibrino- 
gen. The samples Avere then centrifugated at a high speed to throAV doAvn the 
coagulated fibrinogen, after Avhich refractometer readings of the serum Avere taken. 
The difference in refraction of the plasma and serum indicated the approximate 
amount of fibrinogen. 

EXPERIMENTS 

Tliree individual series of experiments Avere made. It aa-rs found 
that the injection of trypan blue produced only a negligible increase in 
the rate of sedimentation. '\^Tthin forty-eight hours after the injection 
of the pneumococci all animals shoAA'ed some increase in the rate of 
sedimentation, as Avell as an area of hyperemia about 1 by 1 cm. at the 
site of injection. The rate of sedimentation of the red blood cells of 
each animal increased rather rapidly and reached a maximum betAveen 
the sixth and seA^enth days after inoculation. During this period the 
area of h 3 'peremia enlarged to about 6 by 4 cm. These areas became 
edematous and small areas of necrosis developed in the centers. After 
this time there occurred a decrease in the rates of sedimentation, equal 
in rapidity to the rise, and falling to a A^alue on the tenth day equal to 
that observed on the second day after inoculation. BetAA^een the tenth and 
fourteenth days the rates of sedimentation gradually approached normal. 
The intensity of the local inflammation increased and decreased as the 
amount of sedimentation rose and fell ; but even after the rates of 
sedimentation reached normal, there AA-as still Ausible a slight hyperemia 
around the site of inoculation in the control animals. OAving to the 
intense accumulation of dye in the skin of the d^'e-treated animals, the 
hyperemia Avas obscured. In these animals inflammation Avas CAudenced 
by the presence of heat, edema and necrosis. 
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COMMENT 

Moderately large variations in the rates of sedimentation occurred 
in individual animals of the groups that had received dye, as well as in the 
controls ; but when the rates were averaged, the averages showed that 
the rates of the control animals were almost twice as high as those of 
the animals that had undergone treatment with dye. 

It will he noticed that the sedimentation values of the d 3 'c-treated 
and control groups decreased considerably between the first and the 
third series of experiments. This is explained by a diminution in the 
virulence of the stock culture of the pneumococcus, such as usually occurs 
when a culture is kept on artificial medium for some time. 



Composite curves computed from all tlircc experiments. Tiie ordinates show 
the average height in millimeters of columns of plasma after sedimentation for one 
hour. The broken line represents the “blocked,” the solid line the “unblocked.” 
groups. 6" indicates the da)' on which “blocking” was started; P the day of 
inoculation with pneumococci. 

When averages of the sedimentation rates of all controls and of 
all animals receiving dye were made and compared (graph), it was 
found that the rate of sedimentation of red cells in the untreated animals 
(75 mm.) was more than twice as high as that in the dye-treated animals 
(31 mm.) at the height of the reaction. It was noted that in individual 
animals, in averages for each experiment and in averages for all three 
experiments, the control groups had a lower rate of sedimentation at 
the beginning of the experiment than the dye-treated groups. A rapid 
rise in the curve of sedimentation occurred in the dye-treated and control 
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animals, but the curve of the untreated soon crossed the curve of the 
dye-treated animals and rose to almost twice the height of the latter. 
In its fall, the curve of the control animals fell below the curve of the 
dye-treated, and the two curves finally coincided with normal values. 
This crossing of the curves, even though it was slight, occurred with 
such regularity, that it was thought to be indicative of a lag in response 
to infection in animals that were receiving dt'e. The lower rates of 
sedimentation in the dye-treated animals indicated some inhibition of 
their defense reactions. 

During the course of each experiment a few of the dye-treated 
animals and a few of those receiving no dye died or developed paralysis 
of the hind legs due to accidents. In such paralyzed animals diarrhea 
developed, and there was a marked increase in the rate of sedimentation. 
The observations recorded on such animals to the time of the accidents 
were allowed to remain in the records and were made use of in the 
compilation of the curves, but readings subsequent to the accidents were 
deleted. Animals that showed abnormal rates of sedimentation at the 
beginning of each experiment, and those in which ‘‘snuffles” developed 
were not included in the records. 

By comparing the sedimentation curves of the animals that had 
received dye and those that had received none, it is seen that the injection 
of trypan blue (“blocking the reticulo-endothelial system”) hinders the 
rise of the rate of sedimentation of the red blood cells that follows the 
injection of pneumococci. The hindering effect manifests itself in two 
ways: 1. The increase in the rate of sedimentation is considerably 
lower than in the control. 2. In the animals receiving dye the increase 
in the rate of sedimentation appears somewhat later and persists longer 
than in the controls. 

Since Fahraeus and others showed that an increase in the rate of 
sedimentation of red cells is due to an increase of fibrinogen, and since 
these experiments show that injection of trypan blue hinders the increase 
in the rate of sedimentation accompanying inflammation, it is concluded 
that the so-called reticulo-endothelial system has a role in the increased 
production of fibrinogen, which Avas regularly observed in the inoculated 
rabbits. This experiment does not throw any light on the question as to 
whether or not the role played by the reticulo-endothelial system is a 
direct or an indirect one. Since these observations show that the injection 
of trypan blue does not decrease the rate of sedimentation in normal 
animals, it is j^robable that the function is indirect, and is active only 
during the presence of inflammation or other pathologic conditions. 

CONCLUSIONS 

The injection of pneumococci, type I, into the skin of rabbits pro- 
duces a local inflammation, a rise in the rate of sedimentation of the 
red blood cells and a concomitant rise in blood fibrinogen. 
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The rise in the rate of sedimentation parallels in time the develop- 
ment and subsidence of the local infliunmation. 

The injection of try])an blue does not materially influence the rate 
of sedimentation of red blood cells in otherwise normal rabbits. 

The inflammation at the site of injection of pneumococci is not 
appreciably influenced by treatment with trypan blue. 

The response to infection in dye-treated animals as compared with 
control animals, as evidenced by changes in the rate of sedimentation 
of red blood cells, is slower in manifesting itself, is not as intense and 
persists somewhat longer. It is suggested that the so-called reticulo- 
endothelial cells play a role not only in the ])roduction of antibodies, but 
also in the increase of fibrinogen that accomjjanics the inflammation 
caused by the injection of jMieumococci. However, the possibility cannot 
be excluded that the action ol the dyestuff is not mediated by these cells 
but by some other factors. 

Dr. Jules Freuiul, of the Henry Phipps Institute, suggested tliis proldem and 
made valuable criticisms during the progress of the work. 
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Velpeau ^ in 1840 was the first to describe the surface lesion of the 
disease now known as Paget’s disease of the nipple. It remained, 
however, for Sir James Paget- (1874) to discover the intimate asso- 
ciation of the epidermic lesion with carcinoma of the breast and to 
establish the condition that now bears his name as a disease sui generis. 

Paget’s contribution was based on observations of fifteen cases of 
chronic conditions of the skin of the nipple and areola which he had 
noted were succeeded by the formation of carcinoma of the breast, 
usually within one year and at most within two years after their appear- 
ance. Paget stated that there was nothing peculiar in the cancers them- 
selves, the majority following an average course with a tendency to local 
recurrence and metastasis to the lymph glands. 

The accuracy of Paget’s original description is remarkable. The 
author records his observations in the following brief, but comprehen- 
sive, form : 

I believe it has not yet been published that certain chronic affections of the 
skin of the nipple and areola are very often succeeded by the formation of scir- 
rhous cancer in the mammary gland. I have seen about fifteen cases in which this 
has happened, and the events were in all of them so similar that one description 
may suffice. 

The patients were all women, various in age from 40 to 60 or more years, 
having in common nothing remarkable but their disease. In all of them the 
disease began as an eruption on the nipple and areola. In the majority it had 
the appearance of a florid, intensely red, raw surface, very finely granular, as if 

* Submitted for publication, Jan. 30, 1931. 

* The authors gratefully acknowledge their thanks to the Littauer Foundation 
for having made it possible to conduct the research on which this review is based. 

1. Velpeau, A. A. L. M. : Legons orales de clinique chirurgicale faites a 
I'hospital de la charite, Paris, 1840-1841, vol. 12. 

2. Paget, J. Y. : On Disease of the Mammary Areola Preceding Cancer of 
the Mammary Gland, St. Barth. Hosp. Rep. 10:87, 1874. 
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nearly the whole thickness of the epidermis were removed; like the surface of 
very acute diffuse ecrema, or like that of an acute balanitis. From such a surface, 
on the whole or greater part of the nipple and areola, there was always copious, 
clear, yellowish, viscid exudation. The sensations were commonly tingling, itching, 
and burning, but the malady was never attended by disturbance of the general 
health. I have not seen this form of eruption extend beyond the areola, and only 
once have seen it pass into a deeper ulceration of the skin after the manner of 
a rodent ulcer. 



Fig. 1. — Sir James Paget 

In some of the cases the eruption has presented the characters of an ordinary 
chronic eczema, with minute vesications, succeeded by soft, moist, yellowish scabs 
or scales, and constant viscid exudation. In some it has been like psoriasis, dry, 
with a few white scales slowly desquamating ; and spreading far beyond the areola 
in widening circles, or, with scattered blotches of redness, covering nearly the 
whole breast. 

I am not aware that in any of the cases which I have seen the eruption was 
different from what may be described as long-persistent eczema, or psoriasis, or 
by some other name, in treatises on diseases of the skin ; and I believe that such 
cases sometimes occur on the breast, and after months’ duration are cured, or 
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pass by and are not followed by any other disease. But it has happened that in 
every case which I have been able to watch, cancer of the mammary gland has 
followed within at the most two years, and usually within one year. The eruption 
has resisted all the treatment, both local and general, that has been used, and has 
continued even after the affected part of the skin has been involved in the can- 
cerous disease. 

The formation of cancer has not in any case taken place first in the diseased 
part of the skin. It has always been in the substance of the mammary gland, 
beneath or not far from the diseased skin, and always with a clear interval of 
apparently healthy tissue. 

In the cancers themselves, I have seen in these cases nothing peculiar. They 
have been various in form; some acute, some chronic, the majority following an 
average course, and all tending to the same end; recurring if removed, affecting 
lymph glands and distant parts, showing nothing which might not be written in 
the ordinary history of cancer of the breast. 

The single noteworthy fact found in all these cases is that which I have stated 
in the first sentence, and I think it deserves careful study. For the sequence of 
cancer after the chronic skin disease is so frequent that it may be suspected of 
being a consequence and must be always feared, and may be sometimes almost 
certainly foretold. 

The accuracy and completeness of Paget’s original observations have 
left nothing unsaid concerning the clinical phases of the disease. 

The first histologic studies of the disease were recorded in 1876 by 
Butlin,® who believed that he could demonstrate a' direct relationship 
between the lesion on the surface and that in the breast. He inferred 
that the eczema was primary and the deeper changes secondary. 
Butlin’s observations were subsequently confirmed by Bowlby ^ (1907). 

The most active interest in the subject was aroused in 1899, when 
Darier ® announced the discovery that Paget’s disease of the nipple was 
due to “psorosperms.” After further studies, however, Darier reached 
the conclusion that the abnormal cellular elements which he had inter- 
preted as being Coccidia were nothing more than epithelial cells that had 
undergone a special kind of degeneration, to which he applied the term 
“dyskeratose.” The histologic features associated with this state are 
described by Darier as consisting of epithelial changes in which some 
of the malpighian cells become isolated and differentiated from the 
adjacent cells. These cells fail to undergo normal hornification and 
tend toward individual and special morphologic and chemical alterations. 
After numerous contradictory reports, it was finally demonstrated that 

3. Butlin, H. J. : On the Minute Anatomy of Two Breasts, the Areolae of 
Which Had Been the Seat of a Long-Standing Eczema, Med. Chir. Tr. London 
59:107, 1876. 

4. Bowlby, A. A. ■ Surgical Pathology and Morbid Anatomy, ed. 5, London 
J. & A. Churchill, 1907. 

5. Darier, J. ; Sur une nouvelle forme de psorosperniose cutane; la maladie 
de Paget du mamelon, Compt. rend. Soc. de biol. (ser. 9) 1:294, 1889. 
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the bodies described by Darier and also by Wickham were hydropic, 
vacuolated cells and not parasites. 

Darier’s theory that “Paget’s cells” are malpighian cells that have 
become segregated and have undergone dyskeratosis was attacked by 
Pautrier," who expressed the belief that Paget’s cells are truly neoplastic 
cells with power of invasion. Pautrier concluded that Paget’s disease 



Fig. 2. — The point of exit of a mammarj^ duct on tlie surface of the nipple, 
the probable site of origin of Paget’s disease of the nipple. The funnel-shaped 
opening contains a plug of desiccated epithelial cells and sebum. Note the two 
sebaceous glands. 

of the nipple is not a mere precancerous dyskeratosis, but a genuine 
epiderniotropic cancer, symptomatic of carcinoma of the breast. 

6. Wickham, L. ; Anatomic pathologique et nature de la Paget du mamelon, 
Arch, de med. exper. d’anat. path. 2:46, 1890. 

7. Pautrier, L. M. : Paget’s Disease of the Nipple, Arch. Dermat. & Syph. 
17:767, 1928. 
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The precise nature and origin of the peculiar cells to which the term 
“Paget’s cells” is applied has always been and still remains a subject of 
active controversy and varied opinions. It is to a large extent on the 
histogenetic interpretation of these cells that a knowledge of the nature 
of the disease depends. 

On the basis of studies of early lesions which seemed to be limited 
to the epidermis Unna ® concluded that Paget’s cells are peculiarly 



B'ig. 3. — Paget’s disease of the nipple, apparently beginning in the basal layers 
of the epidermis. The epithelial cells have become loosened and somewhat dis- 
arranged. Paget’s cells are visible at several points. These morphologic appear- 
ances are not conclusive, and the whole picture may be one of an invasion of the 
epidermis by malignant cells of an intraduct carcinoma. 


edematous epithelial cells arising in the epidermis. Hannemuller and 
Landois ® and also Gaarenstroom concurred in this opinion. 

8. Unna, P. G. : Histopathologic der Hautkrankheiten, Berlin, A. Hirschwakl 
1894. 

9. Hannemuller, K., and Landois, F. : Paget’s Disease of the Nipple Beitr 
z. klin. Chir. 60:296, 1908. 

10. Gaarenstroom: Nederl. tijdschr. v. geneesk. 1:312, 1913. 
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Winiwarter “ saw definite transitional stages between epithelial cells 
and Paget’s cells, and concluded that Paget’s cells are of epidermic 
origin. By special cytologic studies Ludford recently arrived at 
the same conclusion. 

Ewing stated that the long duration of the disease, the wide and 
superficial extent of the lesion, the occurrence of Paget’s disease else- 
where than in the breast and the long al^sencc of any definite tumor 
render it unlikely that the disease is a peculiar form of invasion of the 
skin by carcinoma of the ducts and pointed out that in those cases in 
which the epidermis is invaded by the mammary cancer the invasion 
rarely takes the form of Paget’s disease. 

Ewing expressed the belief that Paget’s disease occurs in two forms : 
1. The characteristic changes in the epithelium affect the epidermis 
about the nipple, but do not extend deeply into the milk ducts. There 
is no tumor of the breast. The ])rogress is slow and the prognosis 
favorable. 2 A rapidly progressive carcinoma of the breast, prol^ably 
arising from the ducts, extends through the nipple to the skin and 
spreads widely over the breast. There is usually no definable tumor. 
The course of the disease is rapid and the prognosis highly unfavorable. 

Bloodgood was of the opinion that the disease begins in the 
epidermis of the nipple, and that the involvement of the ducts in the 
breast is secondary. Kilgore,^'* in studies of Bloodgood’s material, con- 
firms this view. 

Arnd stated the belief that Paget’s disease of the nipple is a 
precancerous condition similar to Bowen’s “jjrecancerous dermatosis.” 
He was of the opinion that the cells are neither autochthonous car- 
cinomatous cells nor cells that have wandered in, but are overgrown 
eells that owe their bladder-like formation to their richness in glycogen. 
These cells he believed can develop multicentrically in the epidermis. 

In a recent contribution Drake and Whitfield described a case of 
Paget’s disease of the vulva. Careful histologic study of the lesion 
showed that the disease liegan in the basal layer of the epidermis at 
more than one point. Invasion of the fibrous tissue took place only 

11. Winiwarter, V.: Arcli. f. Dcrmat. u. Syph. 85:239, 1907. 

12. Ludford, R. J., cited by Cheatle (footnote 29). 

13. Ewing, J. : Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders Com- 
pany, 1928. 

14. Bloodgood, J. C. ; Paget’s Disease of the Female Nipple, Arch. Surg. 8: 
461, 1924. 

15. Kilgore, A. B.: Is Paget’s Disease of the Nipple Primary or Secondary 
to Cancer of the Underlying Breast? Arch. Surg. 3:324, 1921. 

16. Arnd: Virchows Arch. f. path. Anat. 261:700, 1926. 

17. Drake, J. A., and Whitfield, A.: Paget’s Disease of the Vulva, Brit. J. 
Dermat. 41:177, 1929. 
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from the epidermis of the surface downward. The authors expressed 
the belief that “Paget’s cells” arise autochthonously in the basal layer 
and are detached and carried up between the normal prickle cells until 
eventually they I'each the horny layer. Drake and Whitfield objected to 
the term “precancerous” and pointed out that in Paget’s disease there 
are present three conditions that denote malignancy: namely, invasion, 
anaplasia of the tumor cells and progressive destruction of surrounding 
normal tissues. They concluded that as all these conditions are asso- 
ciated in “Paget’s disease,” even though the progression is so slow as 
to be almost stationary the disease is an indolent form of carcinoma. 

The conception that the lesion on the surface in Paget’s disease of 
the nipple is secondary to carcinoma in the breast was first advocated 
by Thin in 1881. This publication marks the beginning of a pro- 
longed controversy which to a considerable extent still persists as to 
the site of origin of Paget’s disease of the nipple. This view has been 
adopted by numerous authorities, including Jacobaeus,^” Ribbert,-® 
Kyrle,’^ Hannemiiller and Landois," Muir,-‘ Handley,-® Schambacher,-'* 
Dietrich,-® Hirschel,-® Schmidt,-" Arzt and Kren -® and others. 

Ribbert agreed with Jacobaeus that the breast is always involved 
first, the neoplasm reaching the epidermis of the nipple by spreading 
through the ducts. The adherents to this view point out that histologic 
pictures resembling Paget’s disease are seen when the skin is invaded 
b}'' a deep-seated carcinoma from below. Thus Borst described the 
histologic features of Paget’s disease in the epidermis surrounding a 
carcinoma of the lip. The opponents of this view point out that histo- 
logic pictures resembling Paget’s disease as a rule do not occur when 
a deep-seated mammar}^ carcinoma affects the nipple (Ewing, 
Cheatle,®® Deaver and McFarland®®). 

18. Thin, G. : On the Connection Between Diseases of the Nipple and Areola 
and Tumors of the Breast, Tr. Path. Soc., London, 32:218, 1881. 

19. Jacobaeus, H. C. : Virchows Arch. f. path. Anat. 178:124, 1904. 

20. Ribbert, H. ; Ueber der Pagetkrebs, Deutsche med. Wchnschr. 31:1218, 
1905; Beitrage zur Entstehung der Geschwiilste, Bonn, F. Cohen, 1906. 

21. Kyrle, J. : Drusenkrebs der Mamma unter den klinischen Bilde von Paget’s 
Disease, Arch. f. Dermat. u. Syph. 83:187, 1907. 

22. Muir, R. : Paget’s Disease of the Nipple and Its Relationships, J. Path. 
& Bact. 30:451, 1927. 

23. Handley, W. S. : On Paget’s Disease of the Nipple, Brit. J. Surg. 7: 
183, 1919-1920. 

24. Schambacher, A.: Deutsche Ztschr. f. Chir. 80: 332, 1905. 

25. Dietrich: Verhandl. d. deutsch. Path. Gesellsch. 17:329, 1914. 

26. Hirschel; Beitr. z. path. Anat. u. z. allg. Path, (supp.) 7:573, 1905. 

27. Schmidt, M. B. : Miinchen. med. Wchnschr. 59:22, 1912. 

28. Arzt and Kren: Arch. f. Dermat. u. Syph. 148:254, 1925. 

29. Cheatle, G. L. : Paget’s Disease of the Nipple, Brit. J. Surg. 11:295, 1923. 

30. Deaver and McFarland: The Breast: Its Anomalies, Its Diseases and 
Their Treatment, Philadelphia, P. Blakiston’s Son & Company, 1917. 
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Handley believed that carcinoma precedes and causes Paget’s 
disease on the surface. Thus Handley considered that carcinoma begins 
in the smaller ducts of the breast and usually, without producing a 
palpable tumor, widely permeates the lymphatic vessels of the nipple. 
According to this view, the changes that occur on the surface of the 
nipple are due to edematous swelling of the papillae of the dermis 
resulting from lymphatic obstruction. 

The view that the disease is merely an extensive intra-epidennal inva- 
sion of the nipple from a primary carcinoma in the underlying breast 
has been specially advocated by Jacohaeus,^" Rihhert,"® Schamhacher,-'* 
Masson and more recentl}' Muir.-- 

Masson raised the question as to the nature of “Paget’s cells’’ and 
expressed the belief that Paget’s disease is an epithelioma that has 
originated in the epithelium of the openings of the ducts. For a long 
period the disease affects only the epidermis, subsequently invading the 
connective tissue. During the whole period of this invasion of the 
epidermis it is neither a dyskeratosis nor a prccancerous lesion, hut a 
carcinoma. By careful examination of the lesions in Paget’s disease he 
has been able to discover, besides the spherical cells, other cells with a 
more or less lohed cytoplasm comparable to that of leukocytes in motion. 

The belief that malignant epithelial cells are endowed with the prop- 
erty of amehoid-like motion has been expressed by various investigators, 
particularly by Muir. Muir -- believed that both Paget’s disease of 
the nipple and the outbreak of carcinoma in the upper ducts of the 
breast are parts of the same process. Pie considered that “Paget’s cells” 
do not originate in the epidermis of the nipple, hut that the lesion in 
the epidermis represents a direct intra-epithelial invasion by malignant 
cells from carcinoma in the upper ducts of the nipjde. He noted a 
marked similarity in appearance between the altered cells in the epider- 
mis and those in the deeper ducts. The advance of the epithelium of 
the ducts occurs, according to Muir, by direct intra-epithelial invasion, 
as well as by an “undermining process.” Microscopic appearances are 
depicted, which are interpreted as demonstrating this method of spread. 
Muir also believed that a squamous epithelioma arising in the epidermis 
may also spread in and among the epithelium of the epidermis. Dunn 
reported a case of carcinoma of the anus containing mucigenous cells, 
in which this peculiar migration of carcinomatous cells apparently had 
occurred. Fraser®® (1928) reported microscopic studies of two speci- 
mens of Paget’s disease of the nipple, the results of which seem to 
support Muir’s theory. 

31. Masson, P. : Bull. Soc. frang. cle dennat. et syph. 32:6, 1925. 

32. Dunn, Shaw, cited by Cheatle (footnote 29). 

33. Fraser, J. F. : Bowen’s Disease and Paget’s Disease of the Nipple : Their 
Relation to Dyskeratosis, Arch. Dermat. & Syph. 18:809, 1928. 
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In 1923, one of us (Dr. Cutler-®) described eight cases of Paget’s 
disease of the nipple in which the breast was examined b}^ cutting 
serial sections of the whole gland. A ninth case was rej^orted the 
following year (1924). Based on these studies this one of us felt 
justified in stating the following conclusions: 1. Paget’s disease of the 
nipple is carcinoma. 2. Carcinoma in the breast, with which Paget’s 
disease of the nipple is usuall)' associated, is a primary carcinoma of the 
epithelium of the breast. 3. The connection between the two lesions 
is that the agent which is inducing Paget’s disease on the surface is 
also concerned in inducing primary carcinoma in the epithelial cells of 
the underlying breast, which is reached by means of the mammaiy ducts. 

Cases of Paget’s disease in situations other than the nipple and 
areola yield important information as to the nature of the disease, par- 
ticularly as regards its histogenesis. Thus the involvement of extra- 
mammary structures by Paget’s disease is regarded by some as 
formidable evidence against the theory that Paget’s disease on the sur- 
face of the nipple is secondary to caixinoma in the deeper structures of 
the mammaiy gland. 

In 1910, Hartzell reported a case of Paget’s disease of the forearm 
in which a diagnosis of eczema had been made. Histologic examination 
showed typical Paget’s disease in the periphery of the lesion and 
melanoma in the central ulcerated portion. The lesion had begun in a 
pigmented mole which had been ti'aumatized. Hartzell collected from 
the literatui'e reports of eighteen cases of extramammary Paget’s dis- 
ease. The diagnosis in some of these examples is highly doubtful. 
Further compilations from the literature were made by Deaver and 
McFarland®® in 1918 and by Pautrier " in 1928. The following 
resume has been taken partly from these sources. 

Crocker is credited with having recorded the first observation of 
extramammary Paget’s disease in 1887. The glans penis and scrotum 
were affected in a man, aged 61. There is some question as to whether 
this lesion may not have been a carcinoma having its origin in a sweat 
gland. 

Darier and Couilland (1893) reported a case of Paget’s disease 
of the anus and perineum. In Tommasoli’s case the disease affected 
the penis of a man, aged 56. Here the histologic diagnosis was not 
absolutely positive. In 1894, Ravogli reported a case of Paget’s dis- 

34. Hartzell, M. B. : J. Cutan. Dis. 28:8, 1910, cited, Arch. f. Dermat u 
Syph. 104(52) :3S5, 1910. 

35. Crocker, quoted by Fox and MacLeod: Tr. Path. Soc London 40-187 

1889. ■ ’ 

36. Darier and Couilland: Bull. Soc. franq. dermat. et sj'ph. 4:25, 1893. 

37. Tommasoli: Gior. ital. d. mal. ven. 28:542, 1893. 

38. Ravogli: J. Cutan. Dis. 12:222, 1894. 
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ease affecting the nose of a man, aged 67 . The lesion was of six years’ 
duration. Winfield (1896) repoi'tcd a case in which the disease 
affected the mucocutaneous surface of the lower lip and had lasted four 
years. The true nature of the disease in both these cases is in doubt. 
The case of Rolleslone and Hunt in which the pubes was the seat of 
a lesion of eight years’ duration is not clearly one of Paget’s disease. 
Dubreuilh’s patient was a woman, aged 51; the lesion affected the 
vulva and was present for three years. In the case recorded by 
Fordyce the lesion affected the buttock of a woman, aged 60, and had 
lasted six years. Holzknecht reported a case in which the axilla had 
been the seat of Paget’s disease for twelve years. Fox and MacLeod 
reported Paget’s disease of the umbilical region of eleven years’ duration 
in a man, aged 65. Rosenberg’s patient was aged 70 ; the lesion 
affected the vulva. Milligan’s^® patient, a woman, aged 31, suffered 
from Paget’s disease of the umbilical region and was cured by radium. 
In Sequeira’s patient, a man, aged 82, Paget’s disease aft’ecting the 
glans penis, and carcinoma of the bulbus urethra was found at autopsy. 
Towle reported a case of Paget’s disease of twenty-five years’ dura- 
tion affecting the interscapular region. 

Satani’s case is of considerable interest. The lesion occurred in 
the axilla of a man, aged 74, and was of six years’ duration. The 
sebaceous glands had been invaded. The central part of the lesion was 
an epithelioma. The author was of the opinion that Paget’s cells may 
originate in epidermic cells or cells of the sebaceous glands. Drake 
and Whitfield, after studying a case of Paget’s disease of the vulva, 
stated that the disease probably originates in the basal layer of the 
epidermis. 

CONSIDERATION OF SEVENTEEN BREASTS AFFECTED BY PAGET’S 

DISEASE OF THE NIPPLE 

We have studied seventeen cases of Paget’s disease of the nipple in 
which radical mastectomy had been performed. Serial sections of the 
whole nipple and breast were subjected to microscopic examination. 
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The practical part of the investigation of these breasts was rendered simple 
and the topographic changes in them pictorially perfect by the method of cutting 
microscopic serial sections of the whole breast in each case. For purposes of 
gaining knowledge and demonstrating gross and minute changes in the breast no 
other process is so simple, exact and clear. A method fulfilling these require- 
ments is more essential in the study of Paget's disease than in the study of any 
other in view of the fact that so much confusion e.xists in the minds of pathologists 
as to the precise conditions in the underlying breast. Small and apparently insig- 
nificant areas are actually often the seat of important pathologic changes, which 
can be easilj' missed by the method of cutting small sections and which are easily 
demonstrated b}^ the method of cutting whole sections. Both means of investiga- 
tion are laborious, but the method of whole sections is the more simple of the two. 


THE CLINICAL SIGNS EVOKED BY THE PATHOLOGIC PROCESS 

Paget’s disease of the nipple aflfects other parts of the body as ■well 
as the structure from which it derives its title. Besides the nipple, the 
prepuce, the skin and the vulva have been described as its sites of origin. 
The disease is rare at any part. Perhaps the nipple is the commonest 
situation. It is more common in women than in men. 

The clinical signs associated with the disease are distinct and classic. 
The precise nature of the changes that cause the clinical signs is the sub- 
ject of controversy. Different observers describe different changes as 
being causal. If all these observers are correct, it must be assumed 
that different changes can cause the same clinical signs. 

The present time does not appear to be ripe for a dogmatic state- 
ment on the subject. At present the solution of the matter depends on 
morphologic appearances to which different interpretations can be justly 
applied. Some conclusive help may be gained in this direction when all 
the cells taking part in the process or processes have been subjected to 
the scrutiny of expert C}d:ologists. The disease is so rare that we have 
been able to subject only one case to an efficient cytologic examination 
since we have come to this conclusion. The results of this cytologic 
examination, conducted by Dr. R. J. Ludford,^“ are so important in 
many ways that it may greatly assist the solution of the problem so far as 
morphology can be valuable. Without finally being able to solve the 
matter, we shall attempt to reach as near the goal as we consider pos- 
sible. In the historical description of the disease the various authorities 
to whom reference will be made have been mentioned, as well as the 
conclusions that they have respectively reached. As the only features 
concerning which most authorities agree are the clinical signs, it would 
be well to describe these first. 

The clinical signs are as follows: Only one nipple is affected, and 
the change always begins on the surface at the top of the nipple. There 
is a dry, bright-red, raw-looking surface, covered here and there by 
small white scales. The area of disease spreads s1ow1)l regularly and 
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centrifiigally in all directions and may eventually occupy an extensive 
surface of the body. At the margins of the lesion, fresh, isolated, 
minute foci of the disease appear to arise spontaneously and subse- 
quently spread to join and enlarge the affected parts. The edges are 
firm and are defined on palpation. The scales are chiefly composed of 
shed degenerated epithelial cells, d'hc cells are large and vacuolated; 
their nuclei may be crescentic and marginal or round and central. They 
have been termed “Paget’s cells” and in former days were regarded as 
psorosperms. Lymphatic glands in the axilla of the side first affected 
may be enlarged. Other groups of lymj^hatic glands may also be 
affected as the disease reaches fresh areas of skin. These are the clinical 
signs that have evoked so many theories as to their cause. 

The probability is that the clinical signs of Paget’s disease of the 
nipple are mo.st typical when the disease begins in and s])reads from 
the epidermis of the o]x'ning of a duct or in the epidermis of the surface 
of the nipple. 

The following pathologic conditions have been included as causing 
the clinical signs that arc characteristic of Paget’s disease of the nipple: 
(1) carcinoma of the epidermis of the surface of the nipple; (2) 
carcinoma arising in the squamous epithelium in the opening of a duct; 
(3) carcinoma arising in the columnar epithelium in the region of the 
upper part of a duct, and (4) carcinoma arising in the depths of the 
breast, metastatic deposits from which have reached the epidermis of 
the nipple by spreading upward from the subc]5idermic connective tissue. 
In early and sometimes in late conditions the seat of origin in conditions 
1, 2 and 3 is clearly distinguishable. 

The difficulty of determining by morphologic examination alone 
which of these conditions is present in any particular instance is mani- 
fested on consideration of the following possibilities: 1. Squamous 
cells when they become carcinomatous may at once lose all morpho- 
logic evidence of their origin. 2. It is impossible to say whether 
glandular epithelium of the breast does or does not lose morphologic 
indications of its origin when the cells reach and spread in the epidermis. 
It is impossible to say that carcinomatous cells have not arisen in 
glandular epithelium of the breast merely because there is no cytologic 
evidence of their being secretory. A carcinomatous cell arising from 
mammary epithelium may lose its biologic secretory function when it 
reaches and spreads among epidermic cells. 

SITE OF ORIGIN AND NATURE OF THE PATHOLOGIC PROCESS 

In all of our seventeen examples the disease began in the surface at 
the top of the nipple. There is only one set of structures in the top of 
the nipple and nowhere else in its construction ; the exits of the mam- 
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inary ducts. The probability is that the disease begins in these openings 
of ducts. The openings of the ducts are usually plugged by desiccated 
shed eiDithelial cells and sebum. The constant presence of the plugs may 
act as an irritant and also as an aid to the entrance of other irritants. 
The lowest layer of epidermis contains pigmented cells, the presence 
of which may serve the purpose of some authors in correlating the 
epithelial neoplasia that occurs in Paget’s disease with melanoma. All 
observers are also agreed on the following points : 

1. The pathologic changes exhibit their least advanced stage at the 
extreme margins of the rash, and occur in the lower and basal layers of 
the epidermis. 

2. So-called “Paget's cells” are present throughout the lesions. They 
are present in greater numbers and are more typical in the least advanced 
stage of the disease, viz., at the margin, than they are in the older parts 
of it. 

3. In the older parts of the lesion there commonly occurs an epithe- 
lial neoplasia that looks malignant, although it is confined within the 
normal boundai'ies of the epidermis. 

4. The nipple disappears as a prominence on the surface of the 
lesion. Its disappearance is due, in most instances, to its retraction. 
Its retraction is due to the contraction of cicatricial tissue that forms in 
subepidermal connective tissue at its surface and around the openings of 
the ducts. 

5. Accompanying the rash on the surface there are changes in the 
subepidermal connective tissue. They occur early and simultaneously 
with the least advanced changes at the margins of the rash. The situa- 
tion of their earliest manifestations is between the elastica and the 
epidermis. means of these changes, either the epidermis is raised, 
or the elastica is depressed downward. In this situation the scene is 
one of activity. Plasma cells accumulate in great numbers. Lympho- 
C 3 '^tes and macrophages also collect, and recently formed connective tissue 
increases in number with the age of the lesion. The elastica undergoes 
dififuse and scattered h)'^perplasia, which is more marked in some 
instances than in others. It can always be traced in continuity with the 
normal elastica beneath the epidermis and around the mammaiy ducts. 
In later stages the fibers of the elastica entangle the plasma cells, 
l 3 anphocytes and macrophages. Pol 3 unorphonuclear leukoc 3 ^tes are also 
present. The most marked feature, however, is the great numbers of 
the plasma cells. 

The controvers 3 ^ rages between two chief theories : The first is that 
the disease is purely epidermic in origin. This invoh^es subsidiary 
theories: (a) that it is a degenerative process, and {b) that it is a proc- 
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Fig. 4. — Highly at}'pical and malignant-looking epitliclial neoplasia filling and 
distending the upper part of a duct near the surface in Paget’s disease of the 
nipple. The process is still confined within the walls of the duct (intraduct car- 
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ess of epithelial neoplasia. The second theory is that all the component 
parts of Paget’s disease are malignant cells of a carcinoma of the ducts, 
which have spread among the normal epidermic cells. A discussion on 
these two points would be long, involved, tedious and inconclusive, for 
the chief reason that morphologic appearances are not decisive enough 
to be generall}" convincing. 

We believe that our seventeen cases demonstrate that: 

1. The clinical signs of Paget’s disease of the nipple can be caused 
by changes in the epidermic cells alone. “Paget’s cells” can be traced 
in their development from epidermic cells through all stages of their 
formation. 

2. We cannot convince ourselves that the formation of “Paget’s 
cells” and the early separation of basal epidermal cells from each other 
are preliminary to malignant disease of these cells, although we have no 
evidence to the contrary. 

It is difficult, by morphologic examination alone, to be sure of the 
origin of a cell after it has become malignant ; and it is a question 
whether a mild form of malignancy of an epidermic condition can be 
established — as Whitfield and Drake believe it can be — by the frequent 
occurrence of mitosis in epidermic cells, in a constantly and widely 
progressing epidermic disease. All that can be said of the matter is 
that these authors may be right, and that no one can contradict them 
in the present state of morphologic knowledge. 

3. Our seventeen cases confirm Professor Muir’s statement that in 
the majority of instances the clinical signs of Paget’s disease of the 
nipple are associated with an invasion among epidermic cells by malig- 
nant cells that have spread from a carcinoma in the columnar cells in 
the extremity of a duct. These cases show that associated with this 
invasion there are also, in the majority of instances, the characteristic 
pathologic changes in the epidermic cells. 

We believe it is probable that the classic clinical signs of the disease 
cannot be evoked in these examples of invasion unless they are asso- 
ciated with the purely epidermic changes also. 

When the two processes coexist, it is impossible to state which was 
the first to appear. 

Special cytologic studies of a case of Paget’s disease of the nipple 
conducted by R. J. Ludford have yielded information of paramount 
importance as to the histogenesis of the lesion. Ludford was able 
to demonstrate that the sessile convex lumps in the mammary region 
were composed of mammar}-^ carcinomatous cells. He also showed that 
in the wide marginal zone that exhibited the classic signs of Paget’s 
disease there was no evidence of epithelial neoplasia. In this zone he 
discerned epidermic cells in all stages of alteration into “Paget’s cells.” 
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The process is not neoplastic, l)ut degenerative. The conclusion is that 
degeneration of epidermic cells can cause all the clinical signs of Paget’s 
disease. 

The degenerative process in the epidermis has been attributed by 
some authors to lymphatic obstruction caused by the plugging of sub- 
jacent lymphatic vessels by carcinomatous cells. To this view we are 
fundamentally opposed, since we have in our possession many examples 
in which these h'lnphatic vessels are plugged by carcinomatous cells 
with no Paget’s disease of the nipple. ^Ye have also other examples in 
which the whole of the basal areas of the nipple itself are occupied by 
dense masses of carcinoma, while the epidermis of the nipple is normal. 
There are examples of Paget’s disease in other areas of the body where 
there is no plugging of l}’mphatic vessels by carcinomatous cells. 

We draw attention here to a fact that seems to be invariably 
neglected in descriptions of Paget’s disease of the nipple. The fact is 
lost sight of in the confusion and controversy arising from the attempt 
to explain the causes of the clinical signs of Paget’s disease. Yet from 
an etiologic ]:)oint of view the fact is important and significant. The 
fact is this, and INIuir -- agrees that this is a fact : In the depths of the 
breast three kinds of epithelial neoplasia often occur totally unconnected 
with spread of disease or transplantation of disease from elsewhere: 
(1) papillomas in the ducts, (2) malignant looking epithelial neoplasia: 
in terminal ducts and acini and (3) carcinoma arising from a primary 
tumor in the terminal ducts and acini. It is from this carcinoma that 
the secondary deposits are usually derived when the lymphatic glands 
contain carcinomatous cells in Paget’s disease of the nipple. The 
observation logically suggests that the agent inducing the epithelial neo- 
plasia in the depths of the breast reached that situation either by passing 
down the ducts or by being borne there by the blood from the disease on 
the surface. 

The first part of the problem to be dealt with is the question 
whether or not the changes in the breast are connected with the 
changes in the lesion at the surface. It may be said at once that morpho- 
logic appearances alone prove that there is a direct connection between 
the two. The connection has a distinct bearing on the etiology of 
carcinoma in the breast, in particular, and on the problem of carcinoma, 
in general. 

Whatever is the true explanation of “Paget’s cells” and of the 
malignant epithelial neoplasia with which they are definitely correlated 
there can be no doubt that these two processes may be limited to the 
epidermis of the nipple and of the openings of the ducts on its surface 
and to the upper ducts. From our point of view, the most remarkable 
fact about the disease is that deeper down in the breast, after long 
intervals during which the ducts are normal, papillomas may form in 
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the ducts, and that in tlic terminal ducts and acini epithelial neoplasia 
forms spontaneously in the epithelium that lines these structures. The 
neoplasia may look benign, it may look malignant and be confined within 
normal boundaries and it ma}' be in a state of carcinoma. When these 
changes appear spontaneously in the pcri])heral j^arts of the gland, they 
almost invariably lead to the same upi)er iiarts of the ducts in which 



Fig. 6.— Paget's disease on tlic surface of the nipple; upper part of a duct 
and its opening on the surface filled with malignant-looking epithelial neoplasia. 
Note the anatomic continuitj" between the disease on the surface and that in the 
duct, also the intra-epidermal spread of malignant cells into the squamous epithe- 
lium of the opening of the duct. 

Paget’s disease exists. In all the seventeen cases, except one, epithelial 
neoplasia exists in the terminal ducts and acini which lead into, first, 
normal ducts and finally into the Paget’s disease on the surface. While 
emphasizing this relationship between the disease in the upper regions 
and that in the underlying regions of the breast, we do not intend to 
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Fig. 7. — Epithelial neoplasia of malignant appearance in three ducts and the 
acini of one of them after a long interval during which the ducts were normal. 
The upper parts of these ducts were also the seats of a similar epithelial neoplasia 
which was continuous with typical Paget’s disease on the surface of the nipple. 
The problems here are: 1. Has carcinoma arisen multicentrically in these ducts? 
2. Did the carcinoma begin in one duct and spread intra-epidermally in the nipple 
till it reached the openings of these three ducts down which it continued to spread 
intra-epithelially ? 
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Fig. 8. — Paget’s disease of the nipple showing typical Paget’s cells in the basal 
layer of the epidermis ; upper parts of mammarj^ ducts distended by highly atypical 
epithelial neoplasia of malignant appearance (intraduct carcinoma). After long 
intervals during which the ducts were normal, the terminal ducts and acini showed 
similar epithelial changes. 
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infer that the epithelial neoplasias in both situations are in the same 
biologic state of activity. The facts prove the contrary. 

The epithelial neoplasia in the upper regions remains for a consid- 
erable time confined within its normal boundaries, although it may be 
spreading beneath and among normal epithelial layers in these regions. 
Even when transgression of normal boundaries occurs, the invading cells 
remain localized and do not usually affect the axillary l3anphatic glands. 
In other words, the disease in these upper regions usually remains 
locally malignant. When epithelial cells escape from the epithelial neo- 
plasia in the terminal ducts and acini, they rapidly affect the axillary 
lymphatic glands. When carcinoma in Paget’s disease involves 
lymphatic glands, the involvement is usuall_v secondary to carcinoma in 
the terminal ducts and acini and not to the surface disease. Biologically 
the epithelial neoplasia that arises spontaneous!}' in the lower regions is 
in a more highly malignant state of activity than that occurring in the 
upper regions of the same ducts. 

A subjacent carcinoma may induce necrosis of epidermis without 
infiltrating it and cause an ulcer. In these instances there is no appear- 
ance of the classic signs of Paget’s di.sease. We have never seen an 
example of Paget’s disease accompanied by papillomatous carcinoma 
in a duct at the opening or immediately below the opening. The 
papillomatous tumors arising in these situations ulcerate the surface of 
the nipple, which exhibits no signs of Paget’s disease. The surfaces of 
these ulcers are not flat or scaly, and with a hand lens they are often 
seen to be composed of small sessile elevations. 

A subjacent carcinoma may infiltrate the epidermis of the nipple 
from below and finally lead to shedding of horny layers and give rise 
to another type of ulcer. This lesion may or may not cause the classic 
clinical signs of Paget’s disease. Microscopically it differs from Paget’s 
disease by the absence of epithelial neoplasia in the openings of the ducts. 

Why carcinoma infiltrating the epidermis of the nipple from below 
should give rise to clinical signs of Paget’s disease is probably explained 
by stating that the effect produce in the epidermis of the nipple and 
areola is different from that in the skin when it is infiltrated from 
below by a subjacent carcinoma. There are no signs of Paget’s disease 
in the skin that has been infiltrated by carcinoma from below. “Cancer 
en cuirasse” for example exhibits no signs of Paget’s disease. 

Another inquiry is pertinent at this point. Can any other type of 
carcinoma arising on the surface at the top of the nipple induce epi- 
thelial neoplasia in the terminal ducts and acini ? Unfortunatel}', other 
types of carcinoma arising on the surface of the nipple are exceedingly 
rare. We have one specimen of carcinoma that occurred on the surface 
at the top of the nipple which began multicentrically in the sebaceous 
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glands. In the Icnninal ducts and acini of the breast underlying this dis- 
ease there is epithelial neojdasia of malignant appearance, although it 
is confined within normal boundaries. There is no s]3read of carcinoma 
into the upper regions of the ducts, although they o])ened onto the dis- 
eased surface. In this instance the etiologic Cjuestion arises: Did the 
factor that induced carcinoma of the sebaceous glands on the surface 
also induce the malignant looking epithelial neoplasia in the terminal 
ducts and acini of the breasts? 

EpiiJiclial Changes . — The general impression gained by the inspec- 
tion of these cases suj^ports the conception that carcinoma arising in 
the upper ducts ])roper and in the openings of ducts is associated with 
those changes that cause the clinical signs of Paget’s disease of the 
nipple. These clinical signs may accomjiany a carcinoma that has spread 
into the epidermis by direct growth, or they may he caused by a carci- 
noma of multicentric origin, arising spontaneously in the epithelium of a 
duct, the epithelium of the opening of the duct and also the epithelium 
in the epidermis of the ni})])le. Morphologic examination could explain 
all these observations equally well, and cannot assist in solving this 
problem. 

In this connection attention should be drawn to two types of exam- 
ples: 1. In one of the seventeen specimens there is no neoplasia in 
the superficial lesion ; all that is seen is the formation of ‘‘Paget’s cells” 
from the basal layer of epithelium in the e])idermis of the nipple. 2. In 
a second specimen the same observations are to be made in the wide 
marginal zone of a lesion that is very extensive. These examples prove 
that the clinical signs of Paget’s disease of the nipple can be induced 
by the change of epidermic epithelium into “Paget’s cells.” The almost 
invariable association of these pathologic appearances with epithelial 
neoplasia renders the comliination almost sj^ecific in inducing the classic 
signs of the superficial disease of Paget in its relation to the nipple. 
Morphologic appearances alone cannot always be decisive in solving 
whether the epithelial neoplasia is merely a spread into the epidermis 
from carcinoma elsewhere or whether carcinoma is beginning multi- 
centrically in the epithelial cells among which it is present. Examples 
of Paget’s disease of the nipple occurring in the skin in other parts of 
the body do not materially assist in the solution of this matter. 

Changes in Connective Tissue . — Changes in the connective tissue in 
Paget’s disease chiefly concern (1) hyjDerplasia of the subepithelial con- 
nective tissue, (2) hyperplasia elastica and (3) accumulations of 
lymphocytes in the pericanalicular and periacinous tissues in different 
degrees of intensity. 

Hyperplasia of the subepithelial connective tissue throughout these 
breasts affects the ducts toward and including their acinous termina- 
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tions, which contain epithelial neoplasia. It may also be seen afifecting 
the apparently normal jiarts of the breast in a regular, diffuse manner 
and without epithelial change. In some branches of the involved ducts 
hyperplasia of the subepithelial tissue is so marked and undergoes such 
extensive hyaline degeneration that no epithelial cells can be seen in 
them. 

When hyperplasia elastica occurs, it is usually present over the 
whole breast ; but in those ducts and acini that are affected by the neo- 
plastic epithelial hyperplasia it is so enormous as to render these 
particular parts discernible on macroscopic examination of the stained 
section of the whole breast. 

The accumulations of lymphocytes appear to follow no definite rule. 
They occur in the pericanalicular and periacinous connective tissue of 
ducts that contain neoplastic epithelial hyperplasia and around those in 
which the epithelium appears to be normal. The)^ can also be seen in 
parts where carcinoma is rampant. In some instances lymphoc3fes can 
be seen spreading from these collections into the walls of a duct. The 
presence of these lymphocytes is secondary to the lesions occurring in 
the breast and cannot be taken to indicate factors predisposing to those 
lesions. 

CLINICAL CONSIDERATIONS 

Symptoms . — The disease is unilateral and begins on the surface at 
the top of the nipple as a scaly, infiltrated, bright-red patch. The nipple 
is sore, very often itches and sometimes is affected by a burning sensa- 
tion. It is sometimes moist and at other times dry. The base and 
margins of the lesion are hard, abrupt and well defined. Its irregular 
shape is due to the fact that occasionally some parts of it affect the skin 
more rapidly than others. The surface does not bleed, unless it is 
injured by rubbing or removal of adherent dressings. The sj^read is 
slow, and although the surface disease usually remains limited to the 
nipple and areola, it ma}" extend far beyond these boundaries in all 
directions. As the disease progresses, the nipple becomes flattened and 
finally disappears either from atrophy or retraction. The l3miphatic 
glands are not usuall3'- enlarged, and when the3’’ are, the3'^ do not usually 
contain metastatic cells, even though the Paget’s disease is extensive 
and of long duration. When the 13'mphatic glands contain metastatic 
growth, it is an undoubted sign that carcinoma exists in the underlying 
breast. In other words the epithelial neoplasia in Paget’s disease of 
the nipple is a slow locally infiltrating process and does not as a rule give 
rise to metastatic deposits. As indicated in foregoing paragraphs car- 
cinoma deep in the underl3dng breast is a common complication of 
Paget’s disease on the surface. When this complication is advanced, 
the condition of the underlying breast exhibits the signs usually asso- 
ciated with carcinoma of this gland. The carcinoma may exist without 
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revealing clinical signs. In fact, the disease in the subjacent breast may 
be so masked that its discovery is attainable only by careful microscopic 
examination of serial sections of the whole breast. (Eller and Ander- 
son found intraduct carcinoma in three cases of Paget’s disease of the 
nipple. ) 

The slow development and progress of the epidermic lesion is 
characteristic of this disease, lilxamplcs of unusually long duration are 
recorded by various observers. Kaufmann noted a case in a woman, 
aged 85, in which the ulceration bad been in jn'ogress for twenty years 
and covered the entire surface of the thorax. A similar case was 
described by Vignolo-Lutate.'“- Jamieson described a case in which 
Paget’s disease existed on the surface for twenty years without the 
occurrence of carcinoma in the underlving breast. ]\Iasland and 
Babcock’"' (1899) reported a case in which the disease completely 
destroyed the ni]Dple without the occurrence of carcinoma. 

One patient in the series on which our study is based was 72 years 
of age. The lesion began seven years previous to examination and 
covered a wide area of the anterior, lateral and j^osterior walls of one 
side of the chest. On microscopic examination the central portion of 
the lesion showed carcinoma. 

Diagnosis . — There arc five chief conditions of the nipj)le and areola 
that must be differentiated from Paget’s disease of the nipple, namely: 
eczema; carcinoma that has invaded the nipple and areola from its 
origin in the subjacent breast ; carcinoma arising in the sebaceous glands 
on the surface at the top of the nipple : syphilis, and diffuse, chronic, 
subepithelial, possibly infective lesions of the nipple. 

Eczema is usually bilateral and more frecpiently occurs in younger 
people. Paget’s disease is always unilateral and occurs most commonly 
in persons between 40 and 60 yeai's of age. The nipple in eczema 
retains its shape and prominence. In Paget’s disease it is flattened or 
retracted and gradually disappears as a structure of the surface. Eczema 
is intermittent and amenable to treatment ; Paget’s disease is constant 
and slowly and continually progressive. The eczematous surface is soft 
and pliable and the margin of the lesion exhibits no induration on palpa- 
tion. The lesion in Paget’s disease is rigid, and its edges are hard and 
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abrupt. From the dry parts of its surface scales can be scraped in 
which “Paget’s cells’’ can often be detected by microscopic examination, 
a feature of value in diagnosis. 

A carcinoma that has originated in the nipple or from the deeper 
parts of the underlying breast, or that has originated diffusely beneath 
the epidei'inis of the nipple, may be differentiated from Paget’s disease 
as follows : The tumor is not covered by a horny layer. In the 
undermined epidermis of the nipple there is no sign of Paget’s disease. 
Clinically, the appearance of the nipple may be exactly like that of 
Paget’s disease ; the nipple is flattened, and the disease looks super- 
ficial ; the lesion is rigid on palpation and has hard abrupt margins. It 
differs from Paget’s disease in that no “Paget’s cells’’ can be detected 
in the superficial scrapings from its surface. The surface when ex- 
amined by means of a hand lens is usually covered by small sessile 
nodules and is not flat as in Paget’s disease. 

We have met with only one example of carcinoma arising in the 
sebaceous glands on the surface at the top of the nipple. 

It occurred on the left nipple of a widow, aged 52. The lesion measured 0.5 
cm. in diameter. It was situated directly in the center of the surface at the top 
of the nipple, and had been first noticed by the patient si.x weeks before the breast 
was removed. The surface of the lesion was hard, and its edges were abrupt. 
Tlie base was excavated and slightly lower than the surface of the nipple. A 
slight discharge of blood drew the patient’s attention to the lesion. The nipple 
was freelj’’ movable, not retracted and was even almost pedunculated. The lymph- 
atic glands were not affected, nor could aiw change be detected clinically in the 
small, atrophied underlying breast. On clinical examination, the disease differed 
from Paget’s disease in one respect : No vacuolated epithelial cells, which are 
tj-pical of Paget’s disease, were discovered in a scraping from the surface. 

Beneath the epidermis, on the top of the nipple, along its whole extent, there 
was a collection of sebaceous glands large enough to justify the term “diffuse 
sebaceous adenomatosis.’’ The neoplastic epithelial hyperplasia was multicentric 
in origin and affected the ducts of five sebaceous glands, which were in an unin- 
terrupted row. Epithelial invasion of the surrounding tissues had occurred from 
all the sites of origin. In one place where the invasion was greatest, the car- 
cinoma had spread into the epidermis above, which had been in parts thrown off. 
Below the epidermis the carcinomatous cells were infiltrating the subjacent tissues 
from all five sites of origin. The lymphatic vessels were not invaded. The 
appearances were those of locally malignant tumors. There was no Paget’s dis- 
ease. In only one mammary duct, as it opened onto the surface, and for a little 
distance below, was there any change, and here it was in a state of desquamative 
epithelial hyperplasia. In some terminal ducts and their acini there was epithelial 
neoplasia that looked malignant, but that had not transgressed normal boundaries. 
Hyperplasia elastica had occurred in a marked degree throughout the whole 
breast. The subepithelial tissue had undergone diffuse hyperplasia, which in some 
parts was in a state of hyaline degeneration. There was some infiltration of the 
subepidermis by lymphoc 3 'tes and plasma cells. The axillary E'mphatic glands 
were free from carcinoma. 
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The al)scnce of vacuolated cells was the only reason for excluding 
a diagnosis of Paget's disease of the nipple. The precise nature of 
the carcinoma was determined onl}' by microscojjic examination. This 
specimen afl'ords another example of that interesting condition in 
which a superficial carcinoma is accomjx'inied b}' an epitbelial neoplasia 
of malignant appearance in tbe terminal ducts and acini, with no signs 
of intervening disease. 

Syphilis of the nipjde may be difficult to difl’crentiate from Paget’s 
disease. It manifests itself cither in the early or the late .stages. When 
the nipple is the jirimary seat of sy])hilis, it may, on inspection and 
palpation, closely resemble Paget's disease of tbe nipple. We have seen 
two cases in which on incomplete examination of this kind a primary 
lesion was diagnosed as Paget’s disease of the nipple. In one case the 
true identity of the lesion was discovered only by tbe demonstration of 
spirochetes in the specimen after removal of the breast, and in the other, 
by a positive Wassermann reaction. In tbe second case, there was no 
retraction of the nipple. A third examjile is that afforded by a late 
syphilitic lesion. 

The lesion measured 4 cm. in diameter. Tlie appearance of tlie nipple was 
remarkable. Half of its structure had disappeared. The remaining portion was 
not retracted in the slightest degree, but stood up in its normal position, and its 
diseased, lateral aspect looked as if the nipple had been divided b.v a sharp knife 
and half of it removed. The ulcer on the surface of the areola and nipple was 
superficial and was more or less rapidly getting larger. The base and the edge 
of the surface were pliable. The lymphatic glands in the axilla were enlarged 
and confluent. The disease was of six weeks’ duration and had begun at tbe 
angle of the junction between nipple and areola. The clinical history of syphilis 
was clear and unmistakable, and the ulceration disappeared rapidly under the 
administration of perchloride of mercury and potassium iodide. The disease was 
diagnosed and treated before the da\'s of the Wassermann reaction. 

In the third case, the histor}'^ of the jjatient and the clinical signs 
were sufficiently characteristic to enable the diagnosis of syphilis to be 
made. The patients suffering from primary S3"philis of the nipple did 
not have a history and clinical signs so distinctive, and an erroneous 
diagnosis of Paget’s disease had been made. A more careful examina- 
tion in these two cases would har^e established a correct diagnosis. 

A careful correlation between the duration of the disease and the 
size of the lesion is an important point in the differential diagnosis. In 
syphilis of the nipple a short duration of the disease is associated with 
a comparatively large lesion. On the other hand, in Paget’s disease 
the progress is much slower, and a small lesion may be associated with 
a long history of its presence. Retraction or atrophy of the nipple 
usually accompanies Paget’s disease, but not syphilis. Finally, in the 
primary syphilitic lesion spirochetes may be discovered, unless antiseptics 
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have been jjreviously applied, and the Wasserniann reaction, which at 
first is negative, soon Ijecomes positive. The detection of Paget’s cells 
in scraj^ings from the lesion may help to establish a correct diagnosis. 
In a suspected syphilitic lesion the therapeutic test may establish the 
diagnosis. 

Paget’s disease must be differentiated from diffuse, chronic, subepi- 
thelial, possibly infective lesions of the nipple. One of us has examined 
pathologically two breasts which had been radically removed on the 
assumption that there was Paget’s disease of the nipple. Complete 
pathologic examination of the nipple and breasts revealed no microscopic 
sign of this disease. The pathologic states were the same in both 
instances. The epidermis here and there was in a slightly papillomatous 
state. The subepithelial tissue of the whole nipple and areola was full 
of plasma cells, lymphocytes and scattered polymorphonuclear leukocytes. 
The fibrous tissue elements were also undergoing slight hyperplasia, 
accompanied by an increase in the suppl}'’ of capillaries, and in these 
parts presented the appearances accompanying Paget’s disease of the 
nipple, but as stated, there was no Paget’s disease of the nipple. 

Differential Diagnosis. — When the breast presents the classic clinical 
signs of Paget’s disease on the surface, a correct and decisive diagnosis 
can be made only by microscopic examination of the whole gland. As 
so many different interpretations have been made of the morphologic 
changes that may occur, it would be well to state to which particular 
changes we are inclined to think the term “Paget’s disease of the nipple” 
should be limited. The usual pathologic events which seem to us to be 
the most typical of the disease, and to which we should be inclined to 
limit the term, are as follows: 1. “Paget’s cells” are being formed in 
epithelial cells of the epidermis and openings of ducts. 2. Malignant- 
looking epithelial neoplasia occurs in the epidermis of these structures 
and in the cavities of the openings of ducts. 3. This epithelial neoplasia 
may or may not be in direct continuity with epithelial neoplasia of 
malignant appearance in the upper reaches of the mammary ducts that 
terminate in the affected openings of ducts. 4. In the deeper parts of 
the breast there is either a highly suspicious epithelial neoplasia still 
confined within normal boundaries or carcinoma that may or may not 
be clinically obvious. 

The inclusion of all these combined pathologic events under the 
same term is important, because they usuall}'^ exist in the same breast 
when the superficial clinical signs of the disease are i^resent. In making 
this statement we are bearing in mind that the essential clinical features 
of the disease ai*e caused either by the changes in the epidei'inis of the 
nipple and that of the openings of ducts or more rarely by changes 
in the epidermis of the nipple only. 
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The temptation to limit the term to those- changes that are essential 
to cause the superficial clinical signs is a great one; it is all the greater 
because Paget’s disease of the nipple affects other parts of the body 
where there are no mammary ducts and acini to complicate matters. The 
disease as it affects the nipple is usually accompanied hy changes in the 
ducts and acini. Their omission would leave out features which some 
authors consider are essential to cause the clinical signs on the surface. 



Fig. 9. — Fligh power photomicrograph of figure 8 in which tlie morphologic 
appearances seem to indicate that the epithelial neoplasia is arising from the epi- 
thelium lining the duct. It certainly looks malignant, although at this point con- 
fined within normal boundaries. 

Treatment . — In the detailed and critical examination of our cases, 
we have adduced the fact that in six cases the clinical evidence was 
clear enough to e.stablish the existence of carcinoma in the underlying 
breast. In ten cases carcinoma existed either in the upper regions only 
or in the deeper parts of the gland as well, although there was no 
clinical evidence of its presence, and its discovery was attained only by 
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Fig. 10. — Epithelial neoplasia of malignant appearance in terminal ducts and 
acini of breast presenting Paget’s disease of the nipple. There was no clinical 
evidence of disease in this breast. There was no direct continuity between the 
carcinoma in the outlet of the duct and that in the acini, in which the carcinoma 
appears to have arisen spontaneously. 

here there was a malignant-looking neoplasia that was still confined 
within normal boundaries. From this e\ddence there can be no doubt 
that the treatment for Paget’s disease of the nipple is incomplete and 
inadequate unless it includes treatment for the condition in the under- 
lying breast, and on this preliminary statement of fact we base the rules 
which dominate the treatment for Paget’s disease of the nipple. 
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The temptation to ado])t conservative measures in the treatment for 
Paget’s disease of the nipple occurs only in those cases in which clinical 
signs of disease in the underlying breast are absent. Our experience 
convinces us that this inclination is dangerous and contrary to the results 
of pathologic investigation and clinical evidence subsequent to conserva- 
tive measures. Even when the disease on the surface of the nipple is 
early and extremely small, it is only by microscopic examination of the 
excised breast that the absence of carcinoma can be established. Even 
under these circumstances the ap])arently normal underlying breast 
should be treated as if it contained carcinoma, because the epithelial 
neoplasia confined within and di.stending normal boundaries may exist 
in terminal ducts and acini, and its future behavior is too problematic 
to be disregarded. Directly, carcinoma exists in a breast the presence 
or absence of carcinoma in the axillary lymphatic glands is a matter of 
doubt, whether they are or arc not enlarged. The treatment, therefore, 
at i)resent lies between the total excision of the breast and its accessible 
lymj^hatic system and radiation therapy. 

There are two conservative measures in the treatment for Paget's 
disease of the nipjde: (1) removal of the surface disease only and (2) 
local mastectom}- without removing the pectoral muscles or lymphatic 
glands in the axilla. With regard to the first, it is obvious from patho- 
logic investigations that in spite of the innocent appearance of the lesion 
on the surface of the nipple, the epithelium in the ducts and acini of the 
underlying breast exhibits malignant neoplastic changes with such regu- 
larity that removal of the surface lesion alone is an inadequate and 
dangerous procedure. Clinical evidence confirms the pathologic 
observations. 

The second conservative method, local mastectomy onh’’, presents a 
more difficult problem and is open to the following considerations. The 
ultimate question is : Plow often are the axillary lymphatic glands 
carcinomatous when the breast and tbe axillary lymphatic glands appear 
normal on clinical examination? In the majority of instances, when 
the surface lesion is early, any disease in the underlying breast is still 
confined within normal boundaries. Under these circumstances the 
axillary lymphatic glands are free from carcinoma. We have never seen 
an instance in which a neoplastic epithelial hyperplasia, however 
malignant-looking, confined within normal boundaries was accompanied 
by carcinomatous lymphatic glands. There is no method, except that 
of microscopic examination of the breast, of determining whether or 
not the neoplastic epithelial hyperplasia is still confined within normal 
boundaries. In a very early case of Paget’s disease of the nipple in 
which the underlying breast and axillary lymphatic glands appear nor- 
mal on clinical examination, the justification of local mastectom}^ only 
must be considered as a possibility. There can be no doubt that in 
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capable hands the removal of the axillary glands at the same time 
that the breast is removed does not increase the danger of the opera- 
tion, and the performance of the complete operation may save the 
life of a patient by removing the whole of the disease. Thus Bloodgood 
stated that there is onl)'- one operation for Paget’s disease of the nipple 
and that is the radical one. In a lesion of questionable diagnosis he 
believed that a local mastectomy is an illogical procedure on the grounds 
that it is too extensive an operation, if the lesion is benign, and too 
limited, if the lesion is Paget’s disease. With this statement we 
thoroughly agree. In the comprehensive paper in which Bloodgood 
described Paget’s disease of the nipple he convincingly demonstrated 
the necessity of establishing definitely that the disease of the nipple 
is Paget’s disease before the treatment is ordained. We have mentioned 
two cases in which breasts were removed on a diagnosis of Paget’s 
disease in which the diagnosis was proved wrong by subsequent micro- 
scopic examination. This raises the question of what steps should be 
taken in dealing with a doubtful case of Paget's disease of the nipple. 

The ideal method obviously should be one in which there is no 
• delay, which involves no risk of spreading the disease, if malignant, 
and which submits a result that is free from doubt. We have pointed 
out the value of discovering vacuolated cells of Paget’s disease in a 
superficial scraping. When the result of such an examination is nega- 
tive, the diagnosis is inconclusive. Under the latter circumstance the 
only means of diagnosis available is that of microscopic examination 
of a section. To remove the lesion and embed it in paraffin takes time 
and exposes the patient to the risk of dissemination of the disease. 
Is there then any other method that can be adopted? There can be 
no doubt that when frozen sections are properly made as a preliminary 
step to an immediate operation, their evidence can be almost as perfect 
as that of sections embedded in paraffin. 

Irradiation of the surface of the nipple showing Paget’s disease 
can accomplish a cure of this part. Examples of such cures are recorded 
by Plaret,®® Hartzell and others. The guiding principles in the 
treatment for the surface lesion of Paget’s disease are essentially the 
same as those in the treatment for rodent ulcer, squamous epithelioma, 
etc. We have pointed out the fallacy of treating the patient for the 
lesion on the surface alone and disregarding treatment for disease in 
the underl)dng breast. In irradiating breasts showing Paget’s disease 
of the nipple the treatment must be aimed, not at the surface lesion 
alone, but at the disease in the underlying breast. This statement 

55. Haret, G. ; Quelques cas de maladie de Paget traites par la radiotherapie, 
J. de radiol. et electrol. 3:416, 1918-1919. 
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applies to those examples in which clinical signs of carcinoma of 
the breast are absent, as well as to those in which clinical signs are 
apparent. Failure to treat adequately the underlying breast has resulted 
in the healing of the superficial disease and the subsequent develo])ment 
of carcinoma in the subjacent breast. An example of this kind is 
reported by Dobkcvitch, Moulonguet and Nahan.''’’’’ The recurrence 
of the disease in the underlying breast five years after irradiation is 
attributed by the authors to the inade(juacy of the irradiation of the 
underlying breast. ' 

Because of the radioresistance of the epithelial neoplasia in the 
breast underlying Paget’s disease of the nipple it is highly questionable 
whether even a maximum amount of external irradiation is adequate 
to sterilize the neoplastic process. The difficult}' of distributing foci 
of radium uniformly througbout the gland renders this method of 
irradiation also somewhat uncertain. 

56. Dobkcvitch, S. ; MouIoiiRiict, P., and Nahan : Etude de la maladie de Paget 
du sein, Thesis, Paris, 1926. 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc.— Ricliard W. Linton has. resigned as assistant professor of bacteriology in 
Columbia University in order to go to India to work on cholera under the 
auspices of the India Research Fund Association. 

Charles W. Stiles, chief of division of zoology in the National Institute of 
Health, United States Public Health Service, whose work on hookworm disease 
led to the present efforts at its eradication, will go on the retired list Oct. 1, 
1931, after having completed forty years of active service for the government. 

• Col. Charles F. Craig will be retired from the medical corps of the army, 
at his own request, after thirty-three years of service, and next fall will take 
up the duties of professor of tropical medicine in Tulane University, New Orleans. 

Arthur F. Coca, professor of immunologj’^ in Cornell University Medical Col- 
lege, New York, has been appointed clinical professor of medicine in the New 
York Post-Graduate McdicM School. On October 1, next, Dr. Coca will become 
medical director of the Lederle Laboratories. 

Earl Baldwin McKinley, professor of bacteriology in Columbia University and 
director of the school of tropical medicine at Porto Rico, has been appointed dean 
of the school of medicine of George Washington University, Washington, D. C. 

Hans Zinsser and David Marine have been given the degree of doctor of 
science, and James Ewing the degree of doctor of laws, by Western Reserve 
University. Eugene L. ' Opie has received the degree of doctor of science from 
Yale University. 

A. T. MacConkc 3 ', for many years head of the serum department of the 
Lister Institute in London and known to bacteriologists for his bile salt medium, 
has died at the age of 70. 

Aristide Agramonte, the last survivor of the United States Army yellow fever 
commission, has died at the age of 63. Dr. Agramonte graduated in medicine from 
the College of Physicians and Surgeons of Columbia University; he was pro- 
fessor of bacteriology in the University of Havana from 1900 until recently when 
he resigned and went to New Orleans to organize a department of tropical diseases 
in the new medical school of the Louisiana State University. 

Grant for Study of Renal Function. — It is reported that §100,400 has been 
appropriated by the Commonwealth Fund for study of the renal function by 
Alfred N. Richards, professor of pharmacology in the University of Pennsylvania, 
whose method of microscopic examination of the functioning kidney of the frog 
is well known. 

International Association for Geographic Pathology.— The Association 
will hold its first conference in Geneva, Oct. 8 to 10, 1931. The program consists 
of a symposium on hepatic cirrhosis, including observations and the results of 
experimental studies collected by the national committees of the Association in 
twenty-six countries. 

Society News. — At its recent meeting the American Society of Clinical 
Pathologists elected the following officers: H. J. Corper, president; William M. 
Simpson, president-elect; C. J. Bucher, vice-president, and A. S. Giordano, 
Eecretary-tfeasurer. The Ward Burdick prize of the society was given to W. G. 
Exton. 

The Monaco prize of 100,000 francs, awarded every two years by the Academy 
of Medicine in Paris to aid some French investigator in his work, has been given 
to Martin R. Veillon of the Pasteur Institute for his work in bacteriology. 

^ It is reported that a Rockefeller grant of §45,000 has been given to Columbia 
University in aid of research on the common cold by A. R. Dochez and Yale 
Kneeland, Jr. 
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DOCTORATES IN BACTERIOLOGY AND PATHOLOGY 
GRANTED BY AMERICAN UNIVERSITIES, 1930-1931 

Clarence J. West and Callie Hull, Research Information Service, National 
Research Council, Washington, D. C. 

BACTERIOLOGY 

California : Bernard StaufTcr Henr\', “Studies on Dissociation in the Genus 
Brucella.” 

Chicago : Walter LeRoy Mallmann, “Studies on Bacillary White Diarrhea : 
The Dissociation of Salmonella Pulloruni and Related Species." 

Columbia : !Mary Wothersi)Oon Collej', “Stimulation Phenomena in the Growth 
of Bacteria as Determined by Nephclometry." 

Cornell : Henri Louis Bcrard, “The Relation of Contamination from Certain 
Sources to the Subsequent Bacterial Development in Milk.” Carl Adam Frey, 
“The Distribution of Acid-Fast Bacteria in Soils.” Harriet Mansfield Thomson, 
“Studies on Saprophytic Acid-Fast Bacteria.” 

Harvard : Thomas Patrician Hughes, “The Metabolic Requirements of Staphy- 
lococci and Certain Other Bacteria.” 

Illinois: Florence Lydia Evans, “The Effect of Sodium Chloride, Sodium 
Nitrate and Sodium Nitrite on Clostridium Botulinum, Clostridium Putrificum' 
and Clostridium Sporogenc.s.” 

Iowa State College: Merle P. Baker, “Some of the Relationships Among 
Organisms in Butter Cultures.” Herbert Andrew Derby. “Bacteriological Studies 
on Butter Showing Surface Taint.” Charles Shelton McCleskcy, “Some Observa- 
tions on Gas Production by Bacteria.” Michael B. Michaelian, “The Volatile 
Acids Formed from Citric and Lactic .A.cids by Streptococcus Citrovorus and 
Streptococcus Paracitrovorus.” Leonard Garnett Thompson, Jr., “The Effects of 
Various Nitrogen and Phosphorus Compounds on the Growth of Azotobacter and 
the Fixation of Nitrogen.” Alauricc Wade Yale. “Studies on the Escherichia- 
Aerobacter Group of Bacteria in Dairj' Products.” 

Johns Hopkins : Ottis Rcmbert Causey, “A Study of the Bacteria Associated 
with Blow-Flies and the Production of Sterile Larvae.” James Douglas Reid, 
“Specific Disinfection of Bacillus Pyocj’aneus b}’ the Organic Acids.” Sally 
Hamilton Stabler, “The Electropure Process of Milk Pasteurization.” 

Mar}dand : Arthur Kirkland Bcsiey, “The Effect of Ozone on the Vitamin 
Content of Cod Liver Oil.” Wilbur G. Malcolm, “A Comparative Study of the 
Efficiency of Certain Germicides in the Preservation of Biologies.” Daisy Inez 
Purdy, “A Stud}" of the Bacteriological Changes Produced During the Ageing of 
Cured Hams.” 

Minnesota : Paul Clifford Leek, “The Relation of Fatty Acids and Lipoids to 
Neurotoxins.” 

New York: Jacob Weinberg, “The Buffer Capacity of Culture Media and of 
Standard Buffer Solutions.” 

Northwestern : Francis Dowden Gunn, “Bone Marrow Reactions in Certain 
Cases of Thrombocytosis : Ultraviolet Light and a Specific Bacterial Infection.” 

Pennsylvania : Dorothy Spring, “An Inquiry Into Heterothallism in Certain 
of the More Common Dermatophytes.” 

Rutgers : Nandor Porges, “The Production of Citric Acid by Aspergillus 
Niger.” 

St. Louis : William Frederick Lange, “Gram-Staining of the Colon Bacillus 
in Relation to Time and Afetabolism.” 

Vanderbilt; John Y. Sugg, “Diphtheria Antitoxin in Human Saliva.” 

Western Reserve ; Ralph Heeren, “Biological Characteristics of the So-Called 
Fecal and Soil Types of Escherichia Coli and Communior.” 
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Wisconsin: William Preston Allyn, “Oxidation-Reduction Potentials in Rela- 
tion to the Growtii of an Aerobic Form of Bacteria.” Theron Hervej^ Butter- 
worth, “A Contribution to the Study of Lactobacillus Acidophilus, with Special 
Reference to a Commercial Concentrate.” David Hanon Dunham, “Physiological 
Relationships Between the Various Strains of Rhizobia and the Leguminosae.” 
Charles Axtell liuntcr, “The Dissociation of Escherichia Coli.” Charles Homer 
Keipper, “A Study of the Num!)cr and Distribution of Micro-Organisms on 
Unwashed and Washed Cabbage.” David Gordon Laird, “Bacteriophage and the 
Root-Nodule Bacteria.” 

Yale : Ezra Philip Casman, "The Limitation of Bacterial Growth at Higher 
Temperatures.” Carroll Walter Grant, “The Mucosus Capsulatus Group of 
Bacteria.” John Plarold Hanks. “The Toxin Production of Bacterium Pullorum 
and the Role of This To.xin in Pullorum Disease.” Louis Weinstein, “Some 
Factors Involved in the Biological Production of Acetone and Butyl Alcohol.” 

PATHOLOGY 

Chicago: .'\rthur John ^''orwald. “The Cellular Reaction to Infection with 
Tubercle Bacilli in Animals of Varying Resistance.” 

Harvard : Hsin Tao Clien, “Host Reactions of Ctenocephalus Felis to 
Dipylidium Caninum.” 

Johns Hopkins : Herald Rea Cox, “Physical Factors Involved in Ultrafiltra- 
tion.” Gordon Ernest Davis, “Complement Fixation in Experimental Yellow Fever 
in Macacus Rhesus Monkeys.” Dennis Daniel Donahue, “The Effect of Radiation 
on the Resistance of Chickens to Fowl Cholera.” Paris Emancipacion Menendez, 
“Serological Relationships of Entamoeba Histolytica.” John Edward Stumberg, 
“Immunological Aspects of Hook-Worm Disease.” Teodulo Topacio, “The 
Behavior of Rabbit Virus HI in Tissue Culture.” Randall Leslie Thompson, 
“Electrophoresis of Bacteria ; the Diphtheria and Pneumococcus Groups.” 

Michigan : Richard Ellsworth Olsen, “A Study of the Granular and Atypical 
Forms of Spirochaeta Pallida in Tissues.” 

Northwestern: Stuart L. Vaughan, “Bone Marrow Reactions: The Leukocyte 
Response in Man to the Toxic Filtrate of Scarlet Fever Streptococcus (Dick).” 

Purdue : Lo3'al Witherow Fisher, “Studies on Hemolytic Streptococci Isolated 
from Cases of Hemorrhagic Smallpox.” 

Wisconsin : Agustin Rodolfo, “The Permeability of the Placenta to Antibodies 
and Its Relation to Serology as a Factor of Orthogenetic Change.” 





Abstracts from Current Literature 


Experimental Pathology and Pathologic Physiology 

A Syndrome Characterized v.y Congenitae Ceouding or the Cornea and 
BY Other Anomaeies. Henry F. Heemhoez and Ethee R. Harring- 
ton, Am. J. Dis. Child. 41:793, 1931. 

The characteristics of the syndrome arc: uniform cloudiness of the cornea; 

restricted motion of the joints of the extremities; short, thick, clawlike hands 

and feet, with limited extension; lumbar kyphosis; scaphoccphalic head and mental 

retardation. , , _ 

Authors Su.m.mary. 


The Eefect or the Injection or Urine from Pregnant Mammaes on 
Ovueation in the Rahiht. F. F. Snyder and G. B. Wislocki, Bull. 
Johns Hopkins Hosp. 48:362, 1931. 

The urine of various pregnant animals (macacjucs, rabbits, rats, cats and dogs) 
does not produce ovulation in mature, healthy, isolated rabbits. The ovulation 
test in the rabbit does not completely parallel the similar test in the mouse as 
reported in the literature. The urine of pregnant monkeys and anthropoid apes 
has been described as giving positive reactions in the mouse. In our experiments 
the urine from pregnant macaques has given negative reactions in the rabbit. Of 
the two tests available for the diagnosis of pregnancy, the ovulation test in the 
rabbit appears to be more specific than the mouse test. The observation that 
human urine of pregnancy produces ovulation in mature rabbits has been confirmed. 

Authors’ SuM.^E\RY. 


Experimentae Nephritis in the Frog. J. Oeiver and E. Shevky, J. E.xper. 
Med. 53:763, 1931. 

A method of testing the frog’s kidney by means of perfusion is described. 

This is made possible by dissociating, as far as possible, from the total function 

of the organ the functions of its constituent parts. The characteristics by which 

tubular, glomerular and combined tubular-glomerular lesions may be recognized 

are described. . , r- 

Authors Summary. 


Experimental Nephritis in the Frog. J. Oliver and P. Smith, J. Exper. 
Med. 53:785, 1931. 

It is possible to produce in the perfused frog’s kidney an e.xperimental nephritis 

that is anatomically similar to the nephritis that develops in the living animal. 

The functional effects of these anatomic alterations may be examined by a method 

previously described. The correlation of the two aspects of damage, anatomic 

and functional, is more certain under such conditions than in the living animal. 

The value of the extravital method in general problems is indicated by our brief 

consideration of mitochondrial changes. . , „ 

Authors Summary. 


Hypersensitiveness to Soluble Specific Substances from Yeast-like 
Fungi. H. D. Kesten and E. Mott, J. Exper. Med. 53:803 and 815, 1931. 

The polysaccharide fractions from each of five yeastlike fungi produce rapid, 
fatal_ anaphylactic shock in guinea-pigs passively sensitized with antiserum from 
rabbits immunized against the killed organisms. Cross-anaphylactic reactions with 
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heterologous polysaccharide fractions are frequent. They parallel closely the 
cross-precipitin reactions, thus adding evidence in favor of the identity of pre- 
cipitin and sensitizing antibody. The polysaccharide fraction from Monilia psilosis 
produces anaphylactic death in guinea-pigs actively sensitized with killed homo- 
logous organisms, but an attempt to sensitize actively with the polysaccharide 
fraction was unsuccessful. 

The anterior chamber of the rabbit eye was sensitized by the local injection 
of heat-killed Monilia psilosis. Subsequent intravenous injection of a polysaccharide 
fraction prepared from the same organism elicited a reaction in the sensitized 
eye in five of twelve rabbits. Authors’ Summaries. 

The Influence of X-Ray Lesions of the Intestinal Mucosa on Absorp- 
tion OF Glucose and Other Sugars. K. W. Buchwald, J. Exper. Med. 
53:827, 1931. 

A sublethal dose of x-ray was applied over the abdomen of rats and over the 
thorax for control purposes. Twenty and forty hours after radiation (i. e., during 
the “latent period”) the rate of absorption of dextrose, fructose and mannose was 
markedly diminished. Simultaneously definite histologic changes were observed 
in the intestinal mucosa. In spite of the decrease in the absolute amount absorbed, 
the relative rate of absorption of the three sugars mentioned remained nearly 
unchanged, indicating that the epithelial cells retained their selective action on 

sugars. Author’s Summary. 

Experimental Hyperthyroidism in Guinea-Pigs and Rabbits. G. Rake 
and D. McEachern, J. Exper. Med. 54:23, 1931. 

A study has been made of the pathologic changes in the hearts and other 
tissues of animals in which hyperthyroidism was caused with thyroxine. Forty- 
four rabbits and seventeen guinea-pigs were given intramuscular injections of 
thyroxine every other day and killed at varying intervals. Tissues from a series 
of normal animals (twenty guinea-pigs and forty-three rabbits) were examined 
as a control. The changes in the heart and other tissues of animals with hyper- 
thyroidism were insignificant and varied but little from changes seen in normal 
control animals. Of eight thyrotoxic guinea-pigs that developed coincidental infec- 
tion (bronchisepticus) all showed myocardial lesions. Of nine thyrotoxic guinea- 
pigs, free of infection, only one gave evidence of myocardial change. It is pointed 
out that hyperthyroidism, per se, cannot be held responsible for these lesions, 
which would appear to have been associated with the infection. It was noted 
that rigor mortis of the skeletal muscles occurred much sooner in the bodies of 
animals with hyperthyroidism than in normal animals. 

Authors’ Summary. 

Effect on Pulmonary Epithelium by Intrapleural Injections of Elec- 
trolytes. J. S. Young, J. Path. & Bact. 34:357, 1931. 

Hyperplasia of the epithelium lining the marginal alveoli of the lung of the 
rabbit can be produced by a single intrapleural injection of a three quarters-normal 
solution of strontium chloride. A second injection of the same solution within 
fifteen or twenty days of the first fails to produce a further reaction but at a 
longer interval it becomes effective again. Provided that the concentration of the 
reagent is gradually increased in successive injections, commencing with a weak 
solution (e. g., sixteenth-normal), intercurrent hyperplasia can be prevented, and 
finally no reaction is produced by a test injection of a normal solution which will 
occasion a vigorous reaction in normal control animals. The incidence of hyper- 
plasia affords a general but reasonably accurate criterion of the susceptibility of 
the epithelial cells to certain stimuli of the nature of graduated solutions of 
electrolytes. The resistance of the cells can be measured arbitrarily by that con- 
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centration of strontium chloride or other electrolytes which just fails to produce 
a reaction. According to this standard, the normal resistance is represented by a 
half normal solution of strontium chloride although it is subject to a minor degree 
of variation. As the result of previous treatment, however, the cells can acquire 
an increased resistance corresponding to a normal solution of the same salt. This 
increased resistance is a local phenomenon; it cannot be established by intravenous 
or by intraperitoneal injection of the electrolyte. Second, it can be produced 
either by a single massive intrapleural injection which is associated with a vigorous 
epithelial reaction, or, alternatively, by a series of weaker injections gradually 
increasing in concentration to a maximum without any intercurrent reaction. Third, 
it is not strictly specific since it would appear that calcium chloride can afford 
some measure of protection against strontium chloride ; on the other hand, the 
resistance is readily broken by trauma or bj' the disintegration products of red 
blood corpuscles. The significance of these observations is discussed with reference 
to the nature of the biologic processes concerned in the onset of proliferation and 
it is concluded that they are consistent with the hypothesis that cell division is 
initiated by a precipitation of the colloids of the cell membrane. 

Author’s Summary. 

The Effect of Testicular Extract upon Tissue Permeability. D. 

McLean, J. Path. & Pact. 34:459, 1931. 

It has not yet been possible to isolate the active substance in extracts of 
testicle. These extracts may be sterilized without loss of activity by saturation 
with chloroform, and the alcohol ether precipitate may be sterilized by dry heat 
at 160 C. for thirty minutes. The permeability of skin removed from the killed 
animal is increased by the extract for at least forty-eight hours after dcath._ Skin 
that has been removed, desiccated and then soaked in water will still show increased 
permeation by the extract. The extract causes swelling and distortion of the 
fiber bundles of the dermis. The appearance and significance of this change is 
discussed. A similar effect is produced bj’’ protamine salts. A- relation between 
the surface tension of the extract and the diffusibility could not be demonstrated, 
nor was there increased diffusion in agar, gelatin or blotting paper. Extracts of 
spermatozoa possess the same activity as extracts of whole testicle. Preliminary 
observations indicate that these extracts increase the permeability of ova. The 
significance of these observations is discussed. Trypsin destroys the activit}' of the 
extract. Peptic digestion is resisted at the lowest /^n at which it is possible to work 
with this extract. Though there is some peptic activity at this pn, digestion is 
not complete. Clupeine sulphate, a characteristic protamine salt, which increases 
dermal permeability, but inhibits vaccinial lesions in the skin, inhibits the growth 
of B. typhosus in culture. Author’s Summary. 

Mitogenetic Radiation. S. B. Sewertzova, Ann. Inst. Pasteur 46:337, 1931. 

The influence of radiation from tissue on cell division was ajtproached experi- 
mentally by a technic involving the exposure of each of four bacterial species to 
(1) a fresh yeast culture, (2) a heart in rhythmic contraction, (3) tetanized frog 
muscle and (4) the spleen of a frog. Bacteria, multiplying rapidly and easy to 
follow quantitatively, were considered preferable to yeast cells or to vegetable 
root cells wherein mitoses might be watched. Bacterial division was increased 
by exposure to tetanized muscle by 76.82 per cent ; to heart, 38.4 per cent ; to spleen, 
32.5 per cent, and to yeast, 21.9 per cent. Control tests gave these figures significant 
weight. The periods of exposure were varied between a few minutes and some 
hours. Exposures were made through a quartz plate, half of which was covered 
with lead for a control chamber, at a distance of slightly more than 13 mm. 

AL S. Marshall. 
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Plant and Animal Experiments with a Short Wave Radio Oscillator. 

K. V. Oettingen, Strahlentherapie 41 : 251 , 1931. 

A short wave radio oscillator with a wavelength of 3 meters was used. The 
waves act on inorganic and organic, dead and living matter with the production 
of heat. But the maximum heat effects occur at different location as those caused 
by diathermy. Mice brought into the condensator field become first restless. 
After the appearance of condensed water on the walls of the glass container they 
show listlessness and increased respiratory activity, followed by paresis of the 
hind legs. The animals are then highly sensitive against noises. If the experi- 
ment is stopped at this stage, the animal may recover with the loss of the tail, 
ear or legs by dry gangrene. Continuation of the treatment results in the 
appearance of clonic spasms, which gradually involve the whole body and become 
tonic in character. Death can be caused in two minutes with strong doses. The 
rectal temperature at this time is 43 C., and the body is rigid. Careless handling 
of the apparatus by the attendants may result in the appearance of dizziness, 
headache, nightly attacks of fear, increase in body temperature by several tenths 
degrees, general malaise, albuminuria and disturbances of libido sexualis. Exposure 
of the hands to the waves is followed by the appearance of a vibratory feeling 
which gradually changes into a feeling of a deeply seated, painful heat, leaving 
after a few hours a feeling of weakness. All these symptoms disappear after a 
few days. Metals are not heated by the waves. Organic substances, like bread; 
plants, etc., may be heated to the degree of carbonization or even burning with 
fire. Electrolyte solutions, oils, especially turpentine oil, are heated. The heating 
effect does not depend on the atomic, molecular or specific weight or the />ii of 
the solution. The dielectric constant and the conductivity are apparently the 
most important factors in this respect. While fat tissue, bones and skin are 
mainly heated by diathermy, skin and fat tissue are least heated by short radio 
waves. Blood, especially hemolyzed blood diluted 50 per cent with water, is 
strongly heated, while serum behaves like physiologic solution of sodium chloride 
with a moderate heat production. As the heating effect depends on the electrolyte 
concentration, the type of electrolyte and the wavelength, different tissues vary 
in their reactability, as for instance normal tissue from tumor tissue. Turpentine 
oil can be polymerized by radio waves in a few minutes, a process which takes 
many hours if done by simple heating. Beside the direct heating and electric 
effects, also indirect, injurious effects on distant organs have to be considered. 
Small doses stimulate plant growth and sugar fermentation by yeast. Radio 
waves have no effect on bacterial growth (streptococcus, gonococcus, meningo- 
coccus, pneumococcus, tubercle bacillus. Bacillus prodigiosus). Mice given intra- 
peritoneal injections of pneumococci or fed with B. enteritidis Breslau showed a 
prolongation of life after irradiation, but on account of the unavoidable total irradia- 
tion of the mice generalized injurious effects could not be excluded. Beneficial effect 
is believed to be due to mobilization of defense forces. Eggs of frogs, toads 
and axolotls irradiated with the radio waves caused the death of the ova if large 
doses were used, while the application of moderate doses resulted in the produc- 
tion of malformations with lowered vitality. Small doses caused an acceleration 
in the development of toad’s eggs. Toad’s eggs were more resistant to the radio 
waves than frog’s eggs. Irradiated rabbits developed first a leukopenia of the 
blood due to a decrease of the lymphocytes accompanied by an increase of the 
pseudo-eosinophils, followed by a leukocytosis with an increase of lymphocytes 
and decrease of the pseudo-eosinophilic cells. The coagulation time and sedimenta- 
tion time were decreased. Mice rapidly killed by large doses showed at autopsy a 
generalized hyperemia with superficial hemorrhages beneath the serous membranes, 
edema of gastric and intestinal mucosa and a peculiar whitish edema of the muscle 
tissue. The microscopic examination of the organs showed hemorrhages, atelec- 
tasis and vicarious emphysema in the lungs, hemorrhages in the liver, hyperemia 
and nephrosis in the kidneys, vacuolization of the glia in the hemispheres of the 
brain, shrinkage of cytoplasm of the tubular epithelium of testicle, hyperemia in 
ovary and vacuolization of the sarcoplasm of the muscle tissue. Mice treated 
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over a prolonged period with small doses did not show any characteristic organic 
changes at autopsy, but the histologic examination of the organs revealed definite 
injurious organic eflfccts, such as hemorrhages into the lungs, proliferation and 
giant cell formation around hemorrhagic foci in the liver, fibrin clots in the 
hepatic veins, nephritic changes in the kidneys, degeneration of nerve cells and 
vacuolization of glia cells in the brain with encephalitic foci in the cerebrum and 
cerebellum, perivascular lymphocytic infiltrations in the meningi, degeneration 
and necrosis of testicular epithelium, disturbed spermiogenesis, degeneration of ova 
and granulosa cells in the ovary with subsequent regenerative changes in this 
organ. During the first weeks after irradiation treatment estrus was more fre- 
quent. Libido was preserved, pregnancy occurred and resulted in normal litters. 
Irradiation of cancer in mice ])roduccd u-sually a regression of the tumors, but 
occasionally was followed by very rapid growth. Huepek 


ILvdon Effects t’pon the Bloou Sugar and It.s Distrirution Between 
Cells and Plas.ma. N. Kotschneff, Strahlcntherapie 41:359, 1931. 

During starvation the liver releases sugar into the blood of the liver vein. 
The amount of sugar released can be calculated from the blood sugar in the 
blood of the portal vein and that in the hepatic vein. Different organs retain 
unequal amounts of sugar from tiic arterial blood. Venous blood therefore con- 
tains less sugar than arterial blood. The largest amount of sugar is retained 
by the intestine and muscle. Therefore, portal and femoral vein contain the 
smallest amount of sugar during starvation, while the portal venous blood contains 
the highest amount of sugar during digestion. Sodium fluoride was used as an 
anticoagulant on account of its glycolysis inhibiting action in the experiments. 
The introduction of radon into the gastro-intestinal tract during carboln'drate 
digestion causes a marked increase of the blood sugar in all vessels. This is 
due to a decreased sugar retention by the liver and muscle and an increased 
retention of it by the kidney as demonstrated on angiostomized dogs and rabbits 
in which blood was withdrawn through cannulas introduced into the portal, hepatic 
and renal veins. Also, during starvation sugar retention by the kidney was 
increased if radon was injected into the blood or intestine. The resorption of 
sugar was not essentially altered by the radon medication. The increase of 
blood sugar is due to an increase of this constituent in the plasma, while the cellular 
sugar of the blood is in all vessels relatively decreased. During starvation, the 
liver, kidneys and intestine retain less plasma sugar and more cellular sugar if 
radon is given. During normal carbohydrate digestion, relatively more sugar 
is retained by the blood corpuscles than b}' the plasma. Radon medication during 
this period causes a general hypcrg] 3 ’^cemia, an increased retention of the plasma 
sugar by the intestine and a decreased retention of the cellular sugar, resulting 
in a decreased sugar retention in the liver, because the liver releases during the 
period, as always, onlj' plasma sugar into the blood, retaining only the cellular 
sugar. Also the kidneys retain under these conditions much more cellular sugar 
than plasma sugar. Wilhelm C. Hueper. 


Pathologic Anatomy 

Fatal Acute Lymphobi.astic Leukemia in an Infant. Park J. White and 
Edward L. Burns, Am. J. Dis. Child. 41:866, 1931. 

In the light of the' observation of others, the case herewith reported is of 
interest chiefljL because the severe, lymphoblastic, febrile leukemia, with prolonged 
clotting time, and with extreme lymphoblastic infiltration of both kidnej’^s, apparently 
had its origin on the fourth da 3 " of life, when the first “leukemic spot” appeared. 
Qinically, the nature of the enlargement of the kidne 3 "S was, of course, in doubt 
until the observations on the blood were reported. Authors’ Summary. 
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Functionally Two-Chambered Heart. L. Minor Blackford and Lewis D. 
Hoppe, Am. J. Dis. Child. 41:1111, 1931. 


In an infant, aged months, the right atrium opened through the foramen 
primum into the left atrium, which in turn opened through the mitral valve into 
a single ventricle. The tricuspid valve was absent. The aortic valve was normal ; 
the pulmonic, bicuspid. Extreme stenosis of the ventriculobulbar junction pre- 
vented the passage of an adequate amount of blood to the lungs. A theory is 
advanced to explain the pathogenesis. More detailed dissection revealed a small 
right ventricle in the mass of ventricular muscle, between the stenosed opening 
in the anterior wall of the large ventricle, and a second stenosis at the beginning 
of tlie bulbus cordis. In other words, an interventricular septum was present, 
although incomplete. Functionally, however, we can still state that the heart was 


two-chambered. 


Authors’ Summary. 


Nonrachitic Soft Chest and Flat Head, a New Syndrome. A. F. Hess, 
Am. J. Dis. Child. 41:1309, 1931. 

A clinical condition previously termed by me “nonrachitic softening of the ribs” 
has been made the subject of further study. It has been found that this abnormal 
softening results in the sinking or flattening of the wall of the chest, which is a 
frequent occurrence in children, and which may persist into adult life. In associa- 
tion with this pathologic condition of the thorax, a pronounced flattening of the 
occiput was often noted. This malformation is due to pressure and may persist 
for many years. Bowing of the legs and flatfoot are sometimes associated with 
these deformities. These lesions of the bones are not of rachitic origin. In the 
cases to which I refer, there were none of the typical signs of rickets; at all 
times the roentgenographic picture did not show any abnormality, and examination 
of the blood showed that the phosphorus and calcium concentrations were normal. 
Histologic examination did not show rickets at the costochondral junctions in 
two cases in which postmortem examinations could be made. Furthermore, the 
softening of the chest did not respond to any of the specific antirachitic agents or 
to the established vitamins. The syndrome — flat head and soft chest — does not 
belong in the category of rickets and should be differentiated from this disorder. 
It is a form of osteoporosis that may be of congenital origin. 

, Author’s Summary. 

Asymmetry of the Head and Face in Infants and in Children. D. 

Greene, Am. J. Dis. Child. 41:1317, 1931. 

Asymmetry of the occipital region is a common condition in infancy. This 
asymmetry is found to be accompanied by an associated asymmetry of the face, 
leading to an increased height of the cheek bone and a difference in the level of 
the ears. At times it results also in an irregularity of the dental arches and a 
lateral deviation of the nose. Although this condition may result from rickets, 
it is more frequently the result of a nonrachitic condition, an osteoporosis of the 
bones. The softening of the bones of the head is part of a symptom complex that 
includes softening of the ribs and of some of the long Ixines of the body. The 
deformity of the occiput is due to almost constant pressure on the osteoporotic 
bones resulting from the posture of the infant. This asymmetry of the head and 
face can be corrected in the early months of life by merely so changing the posture 
of the infant that the pressure falls on the opposite side of the head. This pre- 
ventive measure is worth while, as the deformity frequently persists into child- 
hood, and in some cases is permanent. , 

Authors Summary. 
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Congenital Air Cyst of the Lung. A, H. Pakmelee and C. W. Apfelhach, 
Am. J. Dis. Child. 41:1380, 1931. 


A congenital air C 3 ’St of the lung in a 17 months old infant together with 

observations made at autopsy is recorded and analj'zed. Autopsy findings prove 

the cyst to be a huge solitary bronchicclatic cavit}'. The probable etiology is 

discussed. . , r, 

Autiior.s Su.mmary. 


Duodenal Obstruction Caused by Congenital Bands. E. F. Burt and 
R. M. Tyson, Am. J. Dis. Child. 41:1403, 1931. 

In these four cases the obstruction was caused primarilj’- 1 ) 3 ' transduodenal bands 
originating in the undersurface of the liver. This corresponds with the hepato- 
duodenal ligament described 1 ) 3 ' anatomists and the transduodenal bands described by 
clinicians as a cause of constriction of the duodenum in adults. Ta 3 'lor has com- 
mented on additional adhesions like those in cases 1 and 4, which he has found in 
adults. The ligament or band is of congenital origin. The adhesions of the duo- 
denum, pylorus and stomach can be e.xplained onh' on the grounds of inflammation, 
possibly as a result of chronic traction during rotation of the intestine, caused by 
the presence of the accessory ligament. The entire clinical picture closely simulates 
that of hypertrophic stenosis. The time of onset seems to depend on the denseness 
of the adhesions. In cases 1 and 4 the bands and adhesions were fairly dense, and 
symptoms of acute obstruction began immediateh' at birth. In cases 2 and 3 
obstruction became acute in four and sixteen weeks, respectively. The absence of 
a palpable mass in the abdomen is an important differential point. It is important 
that a laparotomy be performed as soon as a diagnosis of obstruction is made. The 
excellent results obtained in cases I and 2 can be attributed to operative intervention 
before the babies were markedly dehydrated and malnourished. 

Authors’ Su.mmary. 


Patent Ductus Arteriosus with Primary Bacterial Pulmonary 

Endarteritis. W. H. Trimble and Ralph Af. Larsen, Am. Heart J. 6: 
555, 1931. 

A case of pulmonar 3 ' endarteritis, with the vegetation superimposed on the wall 
at the orifice of a patent ductus arteriosus, which was diagnosed clinically six and 
a half months before death and confirmed 1 ) 3 ' autopsy, is reported. Although the 
mitral valve was also the site of vegetations, the pulmonar 3 ' endarteritis is shown 
to be the primary lesion. ' Authors’ Summary. 

Acquired Rheumatic Pulmonic Stenosis and Insufficiency. Sidney P. 
Schwartz and David Shelling, Am. Heart J. 6:568, 1931. 

The interesting lesion in this patient as revealed 63 ' the autops 3 ' findings, in 
addition to the evident mitral and tricuspid lesions, is an acquired rheumatic 
valvulitis superimposed on a malformation of the pulmonic valves which in this case 
consisted of the absence of one of the pulmonic leaflets. This underL'ing congenital 
malformation may explain the unusual dilatation of the pulmonic artery for so 
long a period since the first diagnosis of pulmonic insufficiency was made seven 
years prior to her death; for it is well known that such congenital defects of this 
artery may produce an insufficiency of the valves even in the absence of any 
acquired disease. It is likeL', in view of the rarit 3 ' of acquired rheumatic lesions 
of the pulmonic artery, that the congenital malformations were responsible in part 
for the localization of the rheumatic virus on the pulmonic leaflets. The charac- 
teristic x-ray picture of pulmonic insufficienc 3 ', as described by one of us in a 
previous communication, was of great help in the diagnosis of that particular lesion, 
whereas the stenosis of the valves was suspected solely from the clinical evidences 
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which in the main were the rough systolic thrill and localized murmurs in the 
region of the second intercostal space to the left of the sternum. 

Authors’ Summary. 

Progressive Thrombosis of the Pulmonary Artery. Clarence H. Bos- 
well and Harold D. Palmer, Arch. Int. Med. 47:799, 1931. 

A case of progressive thrombosis of the pulmonary artery, following an acute 
respiratory infection, which came to autopsy five weeks later, is reported. The 
symptoms were malaise, dyspnea, anorexia, palpitation, easy fatigue and “some 
aching through the chest.” There were a slight leukocytosis, a slight elevation of 
the pulse and respiration and a variation of the temperature between 97 and 99 F. 
A roentgenogram of the chest showed an increased density of the shadow of the 
right pulmonary artery. Necropsy revealed that the lungs were crepitant and 
showed no solid areas except for a small hemorrhagic infarction just beneath and 
including the pleural surface of the right lung. An old firmly attached thrombus 
was found in the right pulmonar}’^ artery. This vessel, as well as the bronchus in 
contact with it, showed acute inflammation. A fresh, but firmly attached, thrombus 
was present in the left pulmonar}' artery. The authors hold this to be a case of 
thrombo-arteritis, primary in the pulmonary artery and not embolic. 

J. N. Patterson. 

Acute Isolated Myocarditis. C. E. de La Chapelle and I. Graef, Arch. 
Int. Med. 47:942, 1931. 

A case of so-called isolated myocarditis of unknown etiology is reported. The 
clinical and necropsy observations are compared with those in previously recorded 
cases. Electrocardiograms showing evidence of severe impairment of conduction 
are noted for the first time in connection with this disease. The gross and micro- 
scopic observations demonstrate the distribution of the lesion. The diffuse and 
focal cellular infiltration consisting chiefly of lymphocytes, the new formation of 
blood vessels and connective tissue, involving both the interstitium and the 
parenchyma, the well marked deposits of organized connective tissue and the focal 
areas of necrosis account for the progressive circulatory failure. Careful micro- 
scopic studies have not been made of the conducting tissue. There were no 
vascular, perivascular or myocardial lesions suggesting rheumatic infection, and 
no Aschoff bodies were found. The necropsy observations adequately account for 
the clinical course. The etiology in our case remains obscure. Whether or not 
the lesion was an atypical rheumatic inflammatory reaction cannot be answered. 
Aschoff felt that the lesions in his case could not be explained or described as 
rheumatic alone. He suggested that some other etiologic factor was combined or 
superimposed, possibly an infection of cryptogenic origin. We believe, with Scott 
and Saphir, that to regard these cases as rheumatic would not aid in clarifying the 
knowledge of their pathogenesis. Authors’ Summary. 

The Appearance of Histiocytes in the Peripheral Blood. William 
Dameshek, Arch. Int. Med. 47:968, 1931. 

The histiocyte has distinctive histologic and functional characteristics that 
make its presence in the peripheral blood stream easily recognized. In disorders 
that involve the reticulo-endothelial system, the histiocytes may appear in the 
peripheral blood usually coincident with an increase in monocytes. This is 
analogous to reactions of the bone marrow in which myelocytes appear in the 
peripheral blood coincident with an increase in polymorphonuclear cells. Histio- 
cytes in the peripheral blood were found especially when monocjHosis was present 
Thus they were seen in monocytic (histiocytic) leukemia, in agranulocytosis, espe- 
cially in the phase of recovery, in septicemia, in subacute bacterial endocarditis in 
the convalescent stage of rheumatic fever and rheumatic endocarditis, rarely in 
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tuberculosis and other infections, frequently in dementia paralytica (in one case 
associated with convulsions they were found in large numbers) and occasionally 
in miscellaneous conditions, especially in the leukemias and lymphoblastomas. Other 
authors have described their occurrence in typhoid fever, cholera, malaria, kala- 
azar and otlier diseases. It is felt that the histiocyte as seen in the peripheral blood 
is a distinctive cell not normally present, that it is in intimate relationship and 
probably the direct precursor of the monocyte, though ordinarily without relation- 
ship to the other leukocytes of the blood, and that it appears in the peripheral 
blood when there is unusual activity, marked irritation or leukemic proliferation of 


tlie rcticulo-endothelial system. 


Author’s Sum.mary. 


The Morbid Anatomy of Hearts in Hyrertiiyroidism. D. McEaciiern 
and G. Rake, Bull. Johns Hopkins Hosp. 48:273, 1931. 

The literature on the pathology of the heart in hyperthyroidism is reviewed, 
and the contradictions of evidence are pointed out and discussed. Twenty-seven 
cases of patients dying with hyperthyroidism arc re[>ortcd, with clinical and patlio- 
logic notes. The cardiac findings arc compared with those in 150 suitably chosen 
control cases. In fourteen instances the hearts were normal. In eight instances 
moderate perivascular or intermuscular fibrosis or small round cell infiltration was 
found ; similar changes were also encountered among the control cases, though less 
frequently. Conspicious alterations were found in five instances, in three of which 
there was coexistent heart disease. Cardiac hypertrophy was noted in 16 of the 27 
cases. No relationship could be established between the incidence of auricular 
fibrillation or the duration of hyperthyroidism and the ultimate findings in the 
heart. Congestive heart failure occurred in 5 of the 6 cases that presented coexist- 
ing organic heart disease. From this evidence it is impossible to ascribe the cardiac 
phenomena of the disease to structural changes in the muscle. It is pointed out 
that the hearts from hyperthyroid animals continue to beat, when isolated, at a 
much faster rate than similar preparations from normal animals. Emphasis is 
placed on the desirability of studying the problem from the point of view of 
metabolic and functional alterations in the mycocardium. 

Authors’ Summary. 

Subcutaneous Nodules of the Juxta-Articular Type. H. Hanford 
Hopkins, Bull. Johns Hopkins Hosp. 49:5, 1931. 

The cases of fourteen patients with subcutaneous nodules of the juxta- 
articular type are reported. In twelve of the patients the nodes were syphilitic 
and in two they w'ere associated with chronic infectious arthritis. The syphilitic 
nodes healed completely under antisyphilitic treatment; the nodes associated with 
chronic infectious arthritis did not. The histopathologic picture of the nodes in 
syphilitic patients could not be considered conclusive!}'- characteristic of syphilis, nor 
could it be differentiated from the picture of the nodes associated with chronic 
infectious arthritis. Spirochetes could not be found in the syphilitic nodes, and one 
rabbit inoculation was negative. Subcutaneous nodules of the juxta-articular type 
are not pathognomonic of any single disease. Juxta-articular nodules may be 
simulated by xanthoma. Author’s Summary. 

Obliterative Pulmonary Arteriosclerosis. W. G. MacCallum, Bull. Johns 
Hopkins Hosp. 49:37, 1931. 

A colored woman, aged 39, who presented symptoms of dyspnea, cyanosis, 
cough and enlargement of the heart, especially on the right side, on postmortem 
examination, was found to have an obliteration of the pulmonar}' arterioles. This 
obliteration was the result of a proliferation of large cells of the intima with c 3 'to- 
plasm laden with fat. The media and adventitia showed no gross changes. Hyaline 
thrombi in varying stages of organization and canalization were frequent. The 
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veins showed no changes. The author interprets the intimal changes as primary 
and the thrombi as secondary. Syphilis as the exciting factor is denied. This 
was the first case that the author had noted in 12,000 autopsies. (See article by 
Rosenthal, Sol Roy: Sclerosis of Pulmonary Artery and Arterioles, Arch. Path. 
10:717, 1930.) 

Extradural Ventral Chondroma. C. A. Elsberg, Bull. Neurol. Inst., New 

York 1:350, 1931. 

Some chondromas originate from the posterior border of a vertebral disk 
and thus are situated in front of the dura (disk chondromas or ventral extra- 
dural chondromas). The first patient with this disorder observed by Elsberg was 

successfulb'’ operated on. In the present contribution fourteen more cases are 

recorded. They consist of the most frequent type of extradural tumors, occurring 
in middle-aged people, mostly in men. The site is preferably the cervical region. 
The size is usually small, varying from 1 to 2 cm. in the greatest length, ordinarily 

about 1 cm. wide, and seldom more than from 0.5 to 1 cm. in thickness. The 

cartilaginous nodules observed by Andrae and Schmorl, mostly in women, are con- 
sidered by Elsberg as possible rudimentary chondromas. 

Microscopically, the ventral chondromas were identical with the structure of 
normal intervertebral disks, the difference being rather of degree than of kind. 
The majority of the small growths arising from the posterior edges of the inter- 
vertebral cartilages are not neoplasms but ecchondromas, local hyperplasias of the 
cartilage. The tumors can be removed completely and generally give a good 

prognosis. George B. Hassin. 

Morbid Anatomy and Pathogenesis of Leprosy. P. P. Dwijkoff, Frankfurt. 

Ztschr. f. Path. 40:185, 1930. 

A case of leprosy of fourteen years’ duration is described. The anatomic diag- 
nosis was tuberculous form of leprosy, ulcerations of the tongue, pharynx, larynx, 
trachea and upper and lower extremities, gangrene’ of the toes, and scars over 
the entire body. There were a healed tuberculosis of both lungs and amyloid 
infiltration in some organs. Sections of the skin showed that the epithelium was 
thinned out, the papillary arrangement of the corium being not clearly recognizable. 
Below the epidermis there was a new formation of connective tissue and elastic 
fibers, forming a wall surrounding the deeper lesions, which is referred to as 
“protective wall.” Below this wall there were many fields showing cells that con- 
tained an abundance of vacuoles within their cytoplasms. These cells varied in 
size and form. Most commonly they were oval or elongated and contained two or 
three pyknotic nuclei. The cell boundaries were not always very clear so that some 
of the cells seemed to form a syncytium. The cells correspond to those described 
as “leprosy cells” by Virchow. They were embedded in a connective tissue stroma, 
which originated from the “protective wall.” The stroma increases in later stages, 
compresses the leprosy cells and finally replaces tliem, forming scar tissue. In 
other portions of the skin, lymphocytes, plasma cells, epithelioid cells and fibro- 
blasts were noted. The changes that were found throughout the skin over the 
entire body gave the impression of a “wrap of leprosy.” Hansen’s bacillus was 
found throughout the skin lesions. These bacilli were mainly within the leprosy 
cells but were also present between them, sometimes in large clumps. Alsu 
degenerative forms of the leprosy bacilli were described which stained blue if 
stained according to Ziehl. The lymph nodes, but especially the cervical nodes 
showed an almost complete disappearance of the lymphadenoid tissue! There were 
many leprosy cells with shrunken nuclei and a vacuolar cytoplasm. Some fields 
revealed giant cells with nuclei in the centers of the cells. The leprosy cells 
according to the author, are derived from the reticulo-endothelial system. In this 
case the changes in the various’ organs are described in detail. The heart and 
kidneys showed no specific lesions, while in the liver, spleen and peripheral nerves 
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changes were marked. The autlior believes tliat a chronic hyperplasia of the 
reticulo-endothelial system, called for by the contimious phagocytosis of leprosy 
bacilli, is the essential finding in leprosy. q 


Two Tkratoma.s of thk Mii;niA.STiNu.M. I. Gordon, Frankfurt. Ztschr. f. 
Path. 40:224, 1930. 

The author describes two teratomas of the mediastinum, which were clinically 
silent, but which were discovered at autopsy. One teratoma was found in a 
woman of 26. It showed many cysts, pancreatic tissue, with many large islands of 
Langerhans, thymic tissue with Hassall’s corpuscles and a tissue that suggested 
gastric mucosa. Besides, fat lissuCj connective tissue, smooth muscle fibers, bone 
and cartilage were also found as constituents of the tumor. Some portions con- 
tained cerebral structures. Manj' veins and arteries were found, some of which 
showed arteriosclerotic changes. The second tumor was found in a woman of 
65. This tumor contained thyroid tissue wliicii showed changes corresponding to 
those found in colloid goiter. Also, ovarian structures were present in the 


teratoma. 


O. Sai’iiir. 


Intratiioracic Cysts. B. Entz and D. Orosz, Frankfurt. Ztschr. f. Path. 40: 

229, 1930. 

In an infant, aged 11 months, a cyst was discovered in the thoracic cavity by 
the x-rays. The cyst was removed, but the cliild died cigliteen days after the 
operation. The cyst occupied the larger part of the right thoracic cavity, extending 
from the fourth rib to the diaphragm. It was covered by a smooth and glistening 
pleura and was adherent to the thoracic wall and to the mediastinum. The 
adhesions were separated with ease. The cyst was not attached to the esophagus, 
trachea or thoracic duct. It could easily be removed from the underlying dia- 
phragm. There was no connection between the cyst and any of the abdominal 
organs. The cyst measured 2 by 7 bj' 10 cm. The thickness of its wall varied to 
6 mm. The content of the cj'st, when first obtained by thoracentesis, was a clear 
yellow and somewhat mucinous, sterile liquid. A few leukocytes, lymphocytes, red 
blood corpuscles and degenerated epithelial cells were found in the sediment. 
Neither succinic acid nor scolices could be detected. The content of the cyst 
subsequently became turbid and, later, purulent. Histologically, the wall of the 
cyst revealed structures that were identical with gastric mucosa and muscularis. 
The authors believe that the cyst arose from an hetcrotopic island of gastric mucosa 
in the esophagus. After obliteration of the ducts of glands in such an heterotopic 
island, cysts may be formed which later lose their connection with the esophagus. 
According to Lauche, such cysts should be classified as choristoma. 

The Origin of Endometrioma : An Experimental Study with Case 

Reports. K. Woli'f, Frankfurt. Ztschr. f. Path. 40:247, 1930. 

This work was instigated by the finding of an endometrioma in a l}miph node 
close to an endometrioma in the region of the round ligament. The lymph node 
was entirely separated from the tumor. The author believes that this finding tends 
to support Halban’s theory, which explains endometriomas on the basis of a 
lymphogenous metastasis of parts of the uterine mucosa. Experiments with guinea- 
pigs in which an emulsion of uterine mucosa was injected into the inguinal region 
for the purpose of producing endometrioma in the inguinal nodes yielded negative 
results. Uterine tissue (mucosa- and muscularis), if transplanted into the sub- 
cutaneous tissue of a guinea-pig, did not undergo necrosis. Injured uterine mucosa 
regenerated after it was transplanted. The author also tries to show that scars 
might originate in transplants. Transplants in castrated animals either remained 
alive and actually grew, as do those in noncastrated animals, or became atrophic 
and were replaced by scar tissue. The author reports two cases. One case was 
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that of a ruptured endometrioina of the ovary, simulating the clinical picture of 
ruptured tubal pregnancy. In the other case, there was a large endometrioma of 
the ovary in a woman, which gave the clinical picture of pernicious anemia. The 
opinion is expressed that endometrioinas in scars following laparotomies are 
either implantations of uterine epithelium or manifestations of lymphogenous metas- 
tases of uterine mucosa. q 

Proliferation of A'^ascular Endothelium. M. Silberberg, A^erhandl. d. 
deutsch. path. Gesellsch. 25:144, 1930. 

By culturing the small and large vessels of the pia mater and chorioid plexus 
in heparinized blood plasma by the method of Maxiniow, the endothelium of the 
vessels was found to proliferate and form spindle-shaped cells that did not 
phagocytose and could not be differentiated from fibroblasts. The endothelium 
was differentiated from the histiocytes by vitally staining with carmine. The latter 
took up the dye- while the former did not. The endothelium did not form blood 
cells. - A transition of the histiocytes to fibroblasts could not be seen. 

Sol Roy Rosenthal. 

Experimental Studies of the Glia Cells. G. Roussy and C. Oberling, 
A^erhandl. d. deutsch. path. Gesellsch. 25:162, 1930. 

The experimental production of acute and chronic lesions of the brain in animals 
gave the following glial reactions : In acute lesions with necrosis, the astrocytes 
(macroglia) were destroyed and showed no reaction while the Hortega cells 
(microglia) proliferated. In chronic lesions, the astrocytes lost their prolongations 
and became rounded with vacuolated cytoplasm that contained fat. This change 
was similar to the changes in the microglia, but was not extensive. Following 
' the intravenous injection of trypan blue alone, the glia cells do not take up the 
dye, but when potassium chloride is injected, these cells take up the dye, the 
microglia cells containing the greater amount. There is a great similarity in 
the phagocytic properties of the Hortega cells and astrocytes ; these properties 
do not qualify a cell for the reticulo-endothelial group. 

Sol Roy Rosenthal. 


Thrombo-Angiitis Obliterans. H. Durck, A-’erhandl. d. deutsch. path. Gesellsch. 
25:272, 1930. 


In studying thrombo-angiitis obliterans, the author found that the primary lesions 
were in the small distal vessels. There is a subendothelial proliferation of fibro- 
blasts and histiocytes which causes a thickening of the intima and a narrowing 
or complete obliteration of the lumen. The internal elastic membrane is tortuous 
but intact. The muscularis is also intact except for occasional leukocytic infiltra- 
tion. As the process involves both arteries and veins, the term “endangiitis” would 
be more suitable. 


Thombosis is secondary and not one of the primary factors as described bj"^ 
Buerger. That the condition is not an angiitis or phlebitis is shown by the intact 
internal elastic membrane and muscularis; in inflammatory conditions these struc- 
tures are interrupted. 

The possibility is strong that these lesions are similar to those in endocarditis 


lenta, in which subendothelial proliferation of the 
in toxic infectious states. 


histiocytes and fibroblasts occurs 
Sol Roy Rosenthal. 


Intestinal Obstruction from Endometrial Proliferation in the Intes- 
tinal A¥all. Bruno Schuler, Zentralbl. f. Chir. 58:399, 1931. 

This report concerns a woman, aged 48, in whom intestinal obstruction was 
caused by a hard swelling, 4 cm. long, on the anterior wall of the junction of the 
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sigmoid with the rectum. Tliis swelling proved to l)c due to endometrial prolifera- 
tion, with stenosis. Symptoms traceable to the endometrial growth in the intestinal 
wall began in 1926; at times there were bloody stools during the menstrual period. 


Pathologic Chemistry and Physics 

Thk Hydrogen-Ion Concentration and Acid-Base Equilidriu.m in Normal 
Pregnancy. D. M. Kydd, J. Biol. Chem. 91:6.3, 1931. 

The hj'drogcn ion concentration of the blood in uncomplicated pregnancy is 
within the normal range. The alveolar carbon dio.Nide content is lowered, as is 
the carbon dioxide combining power of the blood. Less protein is present, the 
serum albumin fraction being decreased and the globulin fraction either unchanged 
or slightly increased. The concentrations of chloride, phosphate and undetermined 
acid ions in the serum are normal. The reduction in protein concentration appears 
to be balanced by a reduction in total base. p p AIain 

The Alkalinity and the Pho.sphate Content oe the Morning Urine. 
R. S. I-Iurrard, .S. a. Muneord, J. T. Tyner and C. B. Allison, J. Biol. 
Chem. 92:x.xix, 1931. 

Persons with achlorhydria do not .show the temporary increase in urinary 
alkalinity that follows the ingestion of food by normal persons. 

Arthur Locke. 

Chemical Changes in the Blood of the Dog in Exferi.mental Bile 
Peritonitis. A. M. Ziegler and T. G. Orr, .T. Exper. Med. 53:865, 1931. 

Changes in the chemistry of the blood of dogs with experimental bile peritonitis 
are here reported. In all animals that died, bile ascites was found. Dogs dying 
of bile peritonitis showed a constant increase in nonprotein and urea nitrogen of 
the blood, and a fall in the chloridc.s. Authors’ .Su.mmary. 

Calcium and Phosphorus in the Brain in Difeerent Conditions. Eliza- 
reth Cowper Eaves, Brit. J. Exper. Path. 12:113, 1931. 

An increase of calcium in the brain is relatively uncommon. It tends to occur 
in conditions in which there is gliosis without wasting of the brain. Increased 
calcium was found in the brains of two young patients in which numerous micro- 
scopic hemorrhages were present, and was not associated with the deposition of 
inorganic iron. In the brains in thirteen cases of degenerative nervous diseases 
(dementia paralytica, Huntington’s chorea and arteriosclerotic insanit}'), in all 
of w’hich there was wasting, there was increased calcium only in one and great 
diminution in phosphorus compounds in eleven. In the brains in four cases of 
Huntington’s chorea, the calcium was diminished. In chronic epidemic encephalitis, 
increase of calcium in the brain is more common than in other conditions. In 
eight of nine cases, the phosphorus percentage was within normal limits. In 
epilepsy in six patients with status epilepticus, the calcium was within normal 
limits except in one patient with tuberous sclerosis. In three of the cases, the 
phosphorus was within normal limits. In the other three, in which epilepsy was 
associated with mental deficiency and dyspituitarism, the phosphorus was very low. 
This was probably due to disordered phosphorus metabolism in endocrine disorders 
rather than necessarily a result of status epilepticus. In one case of cretinism, the 
calcium was high and the phosphorus ver}’^ low. In one case of Paget’s disease, the 
amount of calcium was high. A low phosphorus content may exist with good 
myelinization, but poor myelinization is alwa 3 'S accompanied by a decreased amount 
of phosphorus. It is concluded that nerve cells may be pathologically deficient in 
compounds of phosphorus, probabb’^ of a lipoid nature. Abnormal function of the 
nervous system maj"- be associated with chemical alterations in the brain, without 
necessarily any very definite histologic changes. Author’s Summary. 
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The Blood Glutathione in Disease. Robert Platt, Brit. J. Exper. Path. 

12:139, 1931. 

Observations on the glutathione content of human blood, as determined by 
iodine titration, show that the normal amount of glutathione present is about 30 
to 50 mg. per hundred cubic centimeters, and that this is present almost exclusively 
in the corpuscles. In the majority of pathologic conditions, including cystinuria, 
the glutathione of the blood remains within normal limits, though cases of 
^disease of the liver show rather wide variations. In anemia and some C 3 "anotic 
states, the ratio of glutathione to corpuscles is increased. Studies of myelogenous 
and lymphatic leukemia show that glutathione is a constituent of both types of 
wliite corpuscles. A large amount of glutathione is also contained in pus cells. 

\ Author’s Summary. 

A COMPARISON OF THE VlTAL STAINING OF THE PARENCHYMA CELLS OF THE 

Liver with Acid and Basic Dyes. R. J. Ludford, Proc. Roy. Soc., 

London s.B. 108:270, 1931. 

Both acid and basic dyes form colored droplets in the parenchymal cells of the 
liver. The droplets are new cytoplasmic formations. They collect around the 
margins of the cells, bordering the intercellular bile capillaries. The degree of 
segregation depends on the state of functional activity of the cells. The capacity 
of a dj'e to induce the formation of droplets depends on phj'sicochemical properties, 
its rate of diffusion and the extent to which it forms colloidal aggregates, rather 
than on acidic or basic properties. ];j_ Main 

The Brown Pigment of Hemachrom.a.tosis. Martin Jacoby, Biochem. Ztschr. 
230:225, 1931. 

Partially purified preparations of the brown pigment that is deposited in the 
liver in hemachromatosis contain iron and nitrogen in the ratio of 66 : 94. The 
pigment has an absorption spectrum which resembles that of methemoglobin. 

E. R. AIain. 

The Magnetic Susceptibility of Body Fluids. F. K. T. Schwarz, Ztschr. 

f. d. ges. exper. Med. 76:99, 1931. 

Methods for the determination of the magnetic susceptibility of body fluids 
are discussed. In animals, it was found that changes in magnetic susceptibility of 
body fluids varied with changes in the hemoglobin content. It was found that some 
of the effects of certain iron compounds in anemia were caused by changes in 
magnetic susceptibility. Pearl Zeek 

Studies in Lipoid Metabolism. Igor Remesow and N. Tavaststyerna, 

Ztschr. f. d. ges. exper. Med. 76:419, 1931. 

In both carnivora and herbivora cholesterol is by no means an indifferent sub- 
stance. When given in colloidal form to dogs, either bj' way of the enteric tract 
or otherwise, hypercholesteremia is produced. The organism thereby protects 
itself against oversaturation with lipoids. To the lungs is attributed the specific 
function of “catching cholesterides” brought to them, either directly or through 
the blood stream. Not only do the lungs perform this mechanical function, but they 
also are the site of elaborate chemical processes concerned with esterization and 
transformation of cholesterol. The cholesterol-cholesterolester ratio in the blood 
functions as a buffer system to protect the organism against oversaturation with 
free cholesterol. 

Lecithin appears to have very little toxic action in the body. When given in 
colloidal form to both herbivora and carnivora in suitable doses, a lecithinemia 
IS produced. In herbivora a pronounced Iwpercholesteremia occurs also but" is 
absent or insignificant in carnivora. ’ 

Pearl Zeek. 
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Experijiental Studies in Fj\t I^Ietaijoeism. Igor Remesow, D. Mattros- 
sowiTcii and O. Sapaeowa, Ztschr. f. d. gcs. cxper. Aled. 77:67 and 100, 
1931. 


It was found that wliile adrenalin, nicotine and cholesterol lead to glycogenolysis 
in the liver, cholesterol pins insulin results in the storage of glycogen in the liver. 
It is concluded that insulin aids in the transformation of cliolesterol into carbo- 
hydrate through an intermediate product “glycocholestcride," which has the charac- 
teristics of a physicochemical compound. Sander Cohen 


Color Reactions of Nucleic Acid. P. Thomas, Ztschr. f. physiol. Chem. 

129:10, 1931. 

Several color reactions of saccharides of nucleic acids arc described. If a 
small amount of a pentose solution or of its derivative is poured on the surface of a 
0.3 per cent solution of bcta-naphthol in pure sulphuric acid, an ultramarine blue 
ring appears. Pentoses of this kind arc in yeast nucleic acid (arabinose, .xylose, 
ribose). Thymonucleic acid gives a brownish-red ring similar to that of levulinic 
acid. Yeast nucleic acid or arabinose added to 1 per cent tryptophan in 50 per 
cent hydrochloric acid gives a pale green color. Tli.vmonucIcic acid gives a fuchsin 
red color which differs from that produced by common sugars, as the color is not 
taken up by chloroform or by ether and onli' partially by amyl alcohol. Beta- 
naphthol gives in sulphuric acid a pale yellow color. .A.j)iose gives with this 
reagent a green color. Diluted glycuronic acid produces a blue-green ring, while 
concentrated glycuronic acid causes a brown ring with green edges. If a red 
ring appears with this substance, this is due to contamination probably with 

mentholglycuronic acid. The tryptophan reagent is prepared as follows; To an 

aqueous 2 per cent solution of tryptophan add an equal volue of concentrated pure 
hydrochloric acid. If kept in the dark, this reagent is good for two months. Add 
a few milligrams of the substance to be examined to 2 cc. of this reagent and heat 
for five minutes on a boiling water bath. Ordinary pentoses will then produce a 
pale green color. If more than from 1 to 2 mg. of sugar is added, the color 

changes into a light brown. This change is rapid if xylose is used. Apios’e gives 

an orange- 3 'ellow color and levulin a pale pink one; he.xoses give different colors 
(galactose and mannose, yellow to light brown ; dc.xtrosc, pinkish purple with a 
bluish tint similar to thymonucleic acid ; fructose, light red changing into dark 
reddish brown after an additional five minutes on the water bath). 

Wilhelm C. Hueper. 

Iodine in Blood in Exophthalmic Goiter. C. Bulman, Hospitalstid. 74:395. 

1931. 

In normal persons, the iodine in the blood varied from 0.008 to 0.018 mg. per 
hundred cubic centimeters. In conditions of thjTotoxicoses, there was an increase 
to from 0.01 to 0.154 mg. per hundred cubic centimeters. This increase of iodine in 
the blood ma}' prove to have diagnostic value. 


Microbiology and Parasitology 

Tuberculosis in the Mesenteric Lymph Nodes of Children. IiIarion 
Leonard, Am. J. Dis. Child. 41:513, 1931. 

The high incidence of tuberculosis in the mesenteric h’lnph nodes of children is 
brought out in this study. Contrary to prevailing opinion, there seems to be 
little relation between chronological age and calcification as a pathologic process 
in children. The significant value of 0.94 for the coefficient of association of tuber- 
culous involvement of the mesenteric nodes and other tissues suggests that the 
intestinal Lymphatic system plays an ' important role in tuberculous infection in 
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childhood. The fact that the mesenteric nodes are the only tissues in the body 
that are the sole demonstrable site of tuberculous infection in an}" single case 
(eighteen instances, or over one third of the cases studied) also points to the 
importance of the intestinal lymphatics in the infection of children with tubercle 

Author’s Summary. 

Acute Generalized Tuberculosis Without Typical TubercAes. William 

A. Reilly and Zera E. Bolin, Am. J. Dis. Child. 41:582, 1931. 

The case of an infant is reported, in which distribution of tubercle bacilli 
by the blood stream was followed by lesions showing few mononuclear cells, no 
giant cells, few lymphocytes and large numbers of polymorphonuclear cells, with 
great numbers of tubercle bacilli in each lesion. The explanation offered for this 
type of lesion is the large number of bacilli present, coupled with the nonresistance 
and lack of allergy of the patient. Authors’ Summary. 

Multiple Pulmonary Abscesses Simulating Tuberculosis. H. C. Sweany, 

Asya Stadnichenko and Karl J. Henrichsen, Arch. Int. Med. 47:565, 

1931. 

The clinical course and the pathologic and bacteriologic observations of a 
fatal chronic infection with Friedlander’s bacillus are described. The micro- 
organism differed from that ordinarily described, in that it grew as well or better 
anaerobically than aerobically ; it grew poorly on potato medium ; it fermented 
lactose with acid and gas, and it produced coagulation in milk. The pathologic 
condition varied from a subacute to a chronic bronchopneumonia with progressive 
necrosis and formation of abscesses exhibiting a varied type of cellular reaction 
that varied from lymphocytes, monocytes and plasma cells to focal collections of 
polymorphonuclears. Fibroblasts and connective tissue appeared about and within 
the older lesions, and the walls of the cavities became lined with metaplastic 
cuboidal or squamous epithelium. An important feature of the disease was the 
continuous succession of lesions, usually from the apex to the base of the lung, 
each of which passed through the same evolution and changes from the acute 
(described by Moisejew, Kokawa and others) to the chronic form already outlined. 
The clinical aspects closely simulated chronic pulmonary tuberculosis, differing 
from it only in the general appearance of the patient, the irregularity in tempera- 
ture and the obscure physical observations. The roentgen observations resemble 
those noted in chronic pulmonary tuberculosis. Authors’ Summary. 

Streptococcic Septicemia with Vascular Lesions. J. M. Strang and K. 

■Semsroth, Arch. Int. Med. 47:583, 1931. 

An unusual case of sepsis due to Streptococcus viridans, with chronic and 
acute pancarditis and chronic and subacute nephritis, is described. A characteristic 
lesion that was found in the arterioles of both the heart and the kidneys is described 
at length. This lesion is regarded as causing the secondary degeneration of both 
the heart and the kidneys. The possible relationship of the anatomic lesions and 
the clinical course in a case of this type to low virulence of the invading organism 
and the absence of acute reaction on the part of the host is discussed and con- 
trasted with more fulminating processes. . , _ 

Authors’ Summary. 


Brucella Abortus froji a Human Fetus. C. M. Carpenter and R Boak 
J. A. M. A. 96:1212, 1931. 

Bacteriologic examination of twenty-eight human fetuses and thirty-four 
placentas for Brucella abortus gave no evidence of infection except in one ^ase 
In this case typical cultures of B. abortus were obtained from the fetal viscera 
Tests for agglutination and absorption of agglutinins confirmed the earlier results 
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A guinea-pig inoculated, and eighty daj'S later examined post mortem showed 
typical pathologic changes, while cultures of B. abortus were isolated from the liver 
and the spleen. The blood scrum of this animal had a titer of 1 : 1,215 when 
tested against an abortus antigen. Fdk\ Delves 


Effect of Toxixs and Venoms on Protozo.v. C. H. Piiilpott, J. Exper. 
Zool. 56:1(57, 1930. 

Under the conditions of the investigation, botulinus toxin, tetanus toxin, and 
ricin had no effect on Paramecium caudatuni. The venom of eight snakes was 
found, however, to be highly toxic for paramecia. From a study of the effect 
of the venom of Crotalus atrox on eleven species of protozoa it appears that some 
species arc more susceptible to the fatal action of the venoin than others. The 
agent in this venom that is lethal to protozoa is thermolabile and is neutralized 
by crotalic antivenin. 

Paramecia have been used as test animals in titrating the potency of venoms. 
Repeated titrations in which paramecia were used as test animals have shown 
small variation in the results for each venom. In these titrations the minimal 
lethal dose is defined as the smallest amount of venom per cubic centimeter of 
medium per animal required to kill paramecia within twenty-four hours. Para- 
mccia have also been used in titrating the potency of crotalic antivenin, but the 
titer thus obtained does not correspond to that obtained when warm-blooded 
animals are used as test animals. 

The agent that is responsible for the lethal action of venoms on paramecia 
is not the same in all venoms. In crotalic venoms the agent responsible for the 
death of paramecia seems to correspond to hcmorriiagin, while in cobra venom 
it seems to correspond to neurotoxin, according to Noguchi's classification of the 
toxic constituents of venoms. Chakles H. Piiilpott. 


Tissue Specificity in Anthrax Infectio.v. V. Burke and L. A. Barnes, 
J. Immunol. 20:173, 1931. 

The gelatinous infiltration in the subcutaneous tissue characteristic of anthrax 
infection occurs where the organisms are deposited, regardless of the location 
of the needle puncture tlirough the skin. The pathogenicity of Bacillus anthracis 
is not specific for the skin. Authors’ Summary. 


Bacteriophage and Enforced Dissociation. P. I-Iadley and B. Jimenez, 
J. Infect. Dis. 48:176, 1931. 

A pure S culture of Bacillus paratyphosus A was dissociated in 10 per cent 
homologous serum broth. Six transfers at fort 3 '-eight hour intervals gave R 
colonies. The rough colon}-- was grown in 30 cc. amounts of broth over night, 
filtered through a Berkefeld N filter and tested against the S type for bac- 
teriophage. The third filtrate yielded a phage. To overcome the objection that 
the blood of the rabbit immunized against the S tj-pc contained bacteriophage, a 
second experiment was tried. An S culture was grown in 30 cc. of 7.8 beef 
infusion broth for twenty-four hours at 37 C. and then was allowed to stand 
at the temperature of the room for four and one-half months. At this time 
plating showed only R colonies. 'With this culture the first filtrate revealed 
numerous lytic areas and a strong bacteriophage was built up. To test for the 
presence of phage in the original old culture, 1 cc. of the old culture was added 
to 30 cc. of broth and filtered. No B-^sis was observable on the plates. The 
view that bacteriophage is merely one aspect of the larger problem of microbic 
dissociation is discussed. ' 
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Lysozyme in the Development of the Intestinal Flora of the New- 

Born Infant. L. Rosenthal and H. Lieberman, J. Infect. Dis. 48:226, 

1931. 

The rapid disappearance of the initial adventitious flora from the stools of 
nurslings is due to the action of lysozyme. The following facts sustain this 
hypothesis : Bacteria of the air are especially sensitive to the action of lysozyme. 
Human milk in contradistinction to cow’s milk contains lysozyme. Lysozyme 
introduced with food passes through the intestinal canal and appears in the stool. 
The period of rapid destruction of air-borne bacteria in the intestines of infants 
coincides with the period in which lysozyme begins to appear in detectable quantity 
in the stools. Lysozyme is not found in the stools of infants fed cow’s milk, who 
do not get it in their food supplj', and rapid destruction of air-borne invaders does 
not occur in these infants. We may also assume that Ij'sozyme, which persists 
during the entire period of breast feeding, continues to protect the intestines from 
invasion by bacteria of the air. Also, lysozjune inhibits the growth of Bacillus coli 
and apparently does not affect B. bifidus. Lysozyme may play a role in the 
stabilization of the intestinal flora of nurslings by eliminating B. coli. 

From Author’s Summary. 

Egg Yolk Agar Medium in Tuberculosis. R. D. Herrold, J. Infect. Dis. 
48:236, 1931. 

The use of egg yolk in nutrient agar simplifies the cultivation of Bacillus 
tuberculosis, as well as of other bacteria that ordinarily require highly nutrient 
mediums. It can be used for both plates and slants. Comparative tests indicate 
that this method is much more certain than smears and not only as delicate as, 
but also much more prompt than, the inoculation of guinea-pigs. Initial cultures 
from a variety of infected exudates demonstrate that the value of cultures in this 
medium in clinical diagnosis is greater than that of smears. A moist atmosphere 
and a temperature ranging between 34 and 36 C. are essential for optimum growth 
of tubercle bacilli on the egg yolk medium. The yolk of one egg is added to 
150 cc. of melted agar (pn 7.5) at a temperature of 60. C. The agar is allowed 
to cool to about 40 C., and about 25 cc. poured into each Petri dish. 

Author’s Summary. 

Bacterial Flora of Respiratory System of Normal Dogs. H. Living- 
stone and W. E. Adams, J. Infect. Dis. 48:282, 1931. 

One third of the dogs that appeared normal on external examination presented 
gross evidence of bacterial contamination of the tracheobronchial tree at autopsy. 
All the dogs were found by bacteriologic examination to have contamination in 
the parenchyma of the lung. Occasional contamination of the tracheobronchial 
tree of normal dogs was determined by bacteriologic examination. . Excessive 
contamination of this area was demonstrated in dogs presenting gross contamina- 
tion. Bacteria were present in the blood in four of eleven normal dogs. Con- 
tamination of the blood stream was found more frequently in dogs showing gross 
contamination of the tracheobronchial tree. Authors’ Summary 

Acidity in Brucella Cultures. S. H. AIcNutt and P. Purwin, J. Infect. 

Dis. 48:292, 1931. 

Broth and peptone solution in which Brucella was grown without sugar became 
strongly alkaline. When dextrose, levulose, galactose, xylose or arabinose was 
added, the medium still became alkaline, even though determinations of sugar 
showed a loss. When sugars were added to a solution of nutrose and serum, and 
the medium was inoculated with Brucella, very evident traces of acid were often 
produced in de.xtrose, levulose, galactose and xylose. With arabinose, greater 
quantities of acid were formed. When Brucella was limited to a sugar as the 
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only source of carbon, experiments indicated that growth took place in both 
arabinose and xylose. It was impossible to classify the strains according to source 
^vl,on srown in carbohydrate mcdimns. AuTiions’ Summary. 


Bacterial Flora of Intestinal Segments. Vera Smith, J. Infect, Dis. 
48:295, 1931. 

The organisms most commonly found in isolated loops of the small intestine 
belong to the Bacillus coli, Streptococcus, Staphylococcus and Clostridium welchii 
groups. Cl. welchii is present in the loop in a large percentage of dogs soon after 
operation, but tends to disappear from the isolated segment after a few weeks. 
No apparent toxemia is produced, although Cl. welchii may be present in the loop 
for some time. Isolated intestinal loops do not tend to become sterile. Contents 
of segments from different levels do not differ more than do those of segments 
of the same level. The same types of organisms are present over a long range of 
the pn scale. The number of organisms per cubic centimeter of loop material 
varies greatly from day to day. Author’s Summary. 


Relation of Streptococci to the Filtrahle Virus of Epizootic Enceph- 
alitis OF the Fox. E. C. Rosenow, J. Infect. Dis. 48:304, 1931. 

A streptococcus with distinctive cultural, serologic and neurotropic properties 
has been isolated consistently from the brains of young foxes and dogs that have 
succumbed to encephalitis following the inoculation of virus. The characteristic 
symptoms and lesions produced by the virus were closely simulated following the 
injection of gaged doses of a strain of the streptococcus after it had passed through 
from few to many rapidly repeated subcultures. From one strain of the strepto- 
coccus, which was isolated from the brain of a dog that succumbed to the virus 
and which was carried through thirty-three subcultures, a filtrable virus seemingly 
has been produced. The period of incubation, the symptoms during life and the 
lesions after death in animals given injections of the artificial virus were the 
same as for the natural virus. The streptococcus was isolated from the brain 
with the same difficulty as was the natural virus. The cultural characteristics, the 
serologic reactions and the virulence of the streptococcus from the natural virus 
and the artificial streptococcus were the same. The streptococcus from the natural 
virus protected animals against the artificial virus. The artificially produced virus 
resisted glycerination for from fifteen days to six months. The method of injec- 
tion and that of preparing the type of antigen used for immunization are relatively 
simple and practical in application for prophylactic immunization against the highly 
fatal disease in foxes. The conclusion that the streptococcus isolated has etiologic 
significance in the epizootic encephalitis of foxes, and that it gives rise to the 
filtrable virus seems warranted. Author’s Summary. 

Splenic Lesions in Canine Rabies. R. D’Aunoy and J. L. Beven, J. Infect. 

Dis. 48:335, 1931. 

Gross and microscopic study of the spleen in 100 rabid and SO nonrabid dogs 
failed to establish any marked relative splenomegaly or microscopic splenic changes 
that could be considered pathognomonic for canine rabies. 

Authors’ Summary. 

Experimental Scarlet Fever. T. Toyoda, Y. Futagi and M. Okamoto, 

J. Infect. Dis. 48:350, 1931. 

Experimental scarlet fever was produced in tliree children inoculated with 
freshly isolated strains of scarlet fever streptococci. Five children treated with 
old strains yielded no case of scarlet fever. Filtrates of shaken streptococcus 
cultures did not cause the' disease in susceptible children, strengthening the evidence 
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that scarlet fever is caused by the scarlatinal hemolytic streptococcus and not by 

a filtrable body attached to the streptococcus. „ ^ 

Edna Delves. 


Bacteriologic Examination of Milk. F. Boerner and M. 0. Robinson, 
J. Infect. Dis. 48:372, 1931. 


Spreaders on agar plates used in counting milk was not found to be due to 
faulty sterilization or to faulty technic. The condition of the surface and the 
depth of the agar influence the spreading of colonies of Bacillus subtilis and B. 
proteus. Plates dried over night and containing only 10 cc. of agar per plate 
prevent the spreading of surface colonies. 

Edna Delves. 


Brucella Bacteriophage. R. Gwatkin, J. Infect. Dis. 48:404, 1931. 

Five samples of feces from infected and four from uninfected cows were 
examined for the presence of Brucella abortus phage. Nine samples of milk from 
infected and four from uninfected animals were also examined. One infected 
fetus, uninfected twin fetuses, six apparently normal fetal membranes and three 
samples of blood from infected cattle were tested. There was no evidence of 
bacteriophage in the material examined. Poor growth or absence of growth on 
agar was shown to be due to water of condensation. No lytic agent could be 
demonstrated in the clear or in the partially inhibited areas. Attempts to lyse 
B. abortus with Salmonella pullorum phage were unsuccessful. 

From Author’s Summary. 

Bacterial Growth in Udders of Cows. H. R. Curran, J. Infect. Dis. 

48:408, 1931. 

Bacteria in the udders of living cows remain numerically constant, but increase 
rapidly immediately following death and the removal of the blood. Rapidly 
growing invasive types of streptococci are most affected. In some cows the flora 
do not increase during the postmortem period of incubation ; slow-growing micro- 
cocci and streptococci usually comprise this group. The increased multiplication 
frequently attending the withdrawal of blood suggests that the circulatory system 
is directly or indirectly associated with the formation of the bactericidal substance 

in milk. From Author’s Summary. 


The Virus of Psittacosis. S. P. Bedson and G. T. Western, Brit. J. Exper. 
Path. 11:502, 1930. 

The guinea-pig is susceptible to the virus of psittacosis, and this animal can 
be used for maintaining strains, or what is probably more important, for their 
titration. Quantitative filter and centrifuge experiments indicate that the virus 
of psittacosis is relatively large. The relation between the virus and the micro- 
organismlike bodies present in virulent material is discussed. Virulent mouse 
spleen loses its activity rapidly when stored in 50 per cent glycerol, but much 
less rapidly when placed in fiftieth-molar phosphate, pu 7.6. A phosphate suspen- 
sion of mouse spleen stored at 6 C. maintained the virulence unaltered for thirty- 
four days. Bej^ond that time the virulence appeared to fall off rapidly. Freezing 
would seem to be a satisfactory method of conserving the virus in normal spleen, 
at any rate for periods up to two months. Evidence is produced in support of 
the immunologic identity of strains of psittacosis virus of various origins. 

Authors’ Summary. 

Latent and Occult Tuberculosis of Bronchial Glands. W. M. Gumming, 
S. J. Hartfall and J. G. Thomson, J. Path. & Bact. 34:157, 1931. 

The results of a bacteriologic and histologic investigation of bronchial glands 
in nontuberculous subjects is recorded. In 7 of 108 cases, tubercle bacilli of human 
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type were isolated. In 3 of these cases there were histologic evidences of 
tuberculous infection, while in 4 the glands were histologically normal. In 
no case bacteriologically negative was there a histologic lesion. 

Authors’ Summary. 


Effect of Diet in Epidemic Infections in AIice. W. W. C. Topley, AI. 

Greenwood and J. Wilson, J. Path. & Bact. 34:163, 1931. 

Alice fed on a basal diet of whole wheat flour, casein, butter and a salt mixture 
showed no advantage over mice fed on a diet of whole oats, milk and water, as 
regards their liability to contract a fatal infection during an experimental epidemic 
caused by B. aertrycke. The addition of an excess of fat. butter or lard, or of a 
vitamin A concentrate, to this diet appeared to react unfavorably on the mice at 
risk. This unfavorable action was not manifest when the mice were infected by 
intraperitoneal inoculation. Under these conditions there was a suggestion that 
the mice fed on the diet of whole oats, milk and water were slightly less resistant 
than the other groups; but the differences observed were insignificant. The 
addition of cabbage, carrots or mangolds to the normal diet did not lessen the 
severity of the epidemic which followed exposure to infection. The addition of 
carrots appeared to react unfavorably; the effect produced by the addition of 
mangolds was in the same direction, but the difference in this -case was not 
significant. No evidence was obtained that any of the modifications in the 
customary diet so increased the resistance of the mice as to produce a significant 
decrease in mortality under epidemic conditions. Authors’ Summary 


Changes in the Blood Sugar and Blood Phosphorus in Rabbits Follow- 
ing THE Injection of Suspensions of Bact. Aertrycke. AI. E. Dela- 
field, j. Path. & Bact. 34:177, 1931. 

Intravenous inoculations of rabbits with dead suspensions of Bacterium aertrycke 
and of the bacterial filtrate cause a hyperglycemia which is followed by a hypo- 
glycemia. When death of the animal occurs, it is in the hypoglycemic phase. 
The inorganic blood phosphorus lessens in amount during hyperglycemia and 
increases again, often above the initial value, during the hyixiglycemic phase. 
Organic acid-soluble blood phosphorus in many cases tends to increase during 
hyperglycemia and decreases during hypoglycemia. Treatment of the bacterial 
bodies by alcohol, acetone, steaming or autoclaving does not alter the type of the 
chemical response. The heated organisms are as active chemically as the unheated, 
although their enzymic activity as tested by the methylene blue technic is much 
reduced. Diphtherial toxin does not give the same type of response. There is 
no immediate change in the sugar and' the phosphorus content of the blood, although 
these begin to rise after two hours and reach a very high level after two days. 

Author’s Summary. 

Ultraviruses Inducing Neurotropic Ectodermoses. C. Levaditi, Ann. 
Inst. Pasteur 45:673, 1930. 

The infections considered are those induced by ultraviruses demonstrating an 
elective affinity for tissues derived from the ectoderm, as variola, vaccinia, epidemic 
encephalitis, experimental herpes, poliomyelitis, rabies, et al. The author concludes : 
“The neurotropic ectodermoses, belonging to a group of leukoneuraxitis, have a 
different pathogenesis according to which the ultravirus has ^n elective affinity for 
the microglia or for the oligodendroglia. In the first case, the leukoneuraxitis 
reveals inflammatory and lipolytic characteristics, whereas in the second it proceeds 
with a disturbance of tlie lipoid metabolism lying in the oligodendroglia (lipotrophic 
leukoneuraxitis). However that may be, the result is a grouping of the evidence 
to the effect that there is demonstrated an elective affinity of neurotropic ultra- 
viruses for such and such a group of cellular elements of the axone which 
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determines tlie clinical type, the evolution and the distinctive histopathologic 
characteristics of neurotropic ectodermoses.” These conclusions are supported by 
twenty-two illustrations of gross and histologic specimens, which are briefly 

discussed. ^ 

M. S. Marshall. 


Immunology 

Vaccinia: Susceptibility of Mice and Immunologic Studies. M. J. 

Rosenau and H. B. Andervont, Am. J. Hyg. 13:728, 1931. 

Our attempts to vaccinate mice on the skin of the abdomen seemed to fail. 
We could not believe, however, that this particular species among rodents could 
have a natural resistance in view of the wide host susceptibility to vaccine virus. 
Our first thought was that a successful “take” might be obtained by increasing 
the vascularity of the skin. This we did by various physical and chemical means, 
but without success. Next, we tried several methods of enhancing the virulence 
of the virus, but again failed to satisfy ourselves that a successful “take” had 
been produced. Attempts to alter the susceptibility of the mice were also nega- 
tive. Active vaccine virus was found in scrapings from the skin six days after 
vaccinaticn. We did not consider the presence of the live virus in the skin as 
conclusive evidence of a “take,” because definite assurance of its multiplication 
was not available. Such an occurrence might simply mean survival. We know 
furthermore that vaccine virus is widely distributed throughout the body in vac- 
cinia. The skin of the abdomen of mice is so thin that only occasionally and 
with special strains of vaccine virus will a reaction be produced that can be 
considered successful, and even then the “take” is so small and indefinite that 
in no case could we say with anything like finality that a primary vaccination 
had been produced. Nevertheless, when these mice were subsequently tested they 
were found to be immune to vaccinia, clearly indicating that infection had taken 
place even in those mice on which no visible evidence of skin reaction could be 
discerned. As further evidence that the thickness of the epidemal layer of the 
skin is the determining factor in a visible “take,” we found that typical vesicles 
follow vaccination upon the pad of the foot or the skin of the tail. These obser- 
vations confirm the pathologic picture in that the papular and vesicular lesions 
of a vaccine “take” reside mainly in the epithelium. In another series of tests 
it was demonstrated for the first time that mice are susceptible to vaccinia by 
inoculating the virus into the brain. This is true, however, only for an especially 
virulent strain rendered specifically active by particular technic. We carried the 
virus through a series of 28 mouse-brain passages extending over a period of 
six months and showed that vaccine virus was responsible for the symptoms 
observed by cross immunity tests with rabbit neuro-vaccine and calf dermovac- 
cine. The symptoms are tremors, lethargy and sometimes a brief period of 
terminal excitement and convulsions. These results should not be interpreted as 
vaccinal encephalitis as usually understood. Furthermore, microscopic examina- 
tion of the brains of mice after intracranial inoculation of vaccine virus failed 
to reveal lesions described as characteristic of vaccinal encephalitis. 

Authors’ Summary. 

Further Studies on the Immunology of the Pneumococcus. W. A. 

Jamieson and H. M. Powell, Am. -J. Hyg. 13:823, 1931. 

Under conditions not entirely understood some pneumococci produce toxic 
substances not greatly unlike those that have been described in studies of 
various streptococci. These can be detected and measured by human skin tests 
and similar tests carried out upon certain breeds of rabbits. Specific skin test 
neutralizing pneumococcus serums have been produced by subcutaneous injection 
of horses. The “skin test” potency of such serums appears to be concentrated 
to a moderate degree in the refining of globulins by well known salting out 
methods. These concentrated materials compare very favorably with the best 
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scarlet fever streptococcus serums on the basis of skin test estimations of 
potenc}'. They contain only a small amount of animal protective body. A limited 
clinical use of serum of such nature indicates that further tests may well be 
carried out with combined antibacterial and anti skin toxic scrum. 

Authors’ Summary. 

Heteropiiile Antigen in Pneumococci. G. Howard Bailey and Mary 

Shaw Shoru, Am. J. Hyg. 13:831, 1931. 

Rabbits injected with a large number of cultures of different types of pneu- 
mococci and one culture classified as a green-producing streptococcus, developed 
a potent • anti-sheep hemolysin in their scrums. Such an antibody is also formed 
in rabbits infected with pneumococci or fed the killed cultures. The hemolysin 
in the serums of such rabliits gives the characteristic reactions of the hetcrophile 
antibody stimulated in these animals by the injection of boiled sheep red blood 
corpuscles. Antipneuniococcus hcmoljdic antibody may be removed from serums 
by absorption either with homologous or heterologous- boiled pneumococci or with 
boiled sheep corpuscles. Such an antibody has the property of primary to.xicitj' 
for the guinea-pig. Rabbits immunized with sheep red blood corpuscles are rela- 
tiveh' resistant to intravenous infection with type I pneumococcus. These results 
indicate that heterophile antigen and antibody have a definite biologic signifi- 
cance in pneumococcus infections. Authors’ Summary. 

Theoretical Considerations in Connection with a Cold Incubation 

Complement Fixation Test. B. S. Levine, Am. J. Syph. 15:225, 1931. 

The precipitation of the antigenic complex from the colloidal suspension in 
the serum is essential to the fixation of complement. Separation or conglomera- 
tion of the comple.xes as sensitized entities is firmer and more complete, though 
slower, at from 8 to 10 C. This is due to the fact that the phase augmentation 
and the concomitant sensitization of the antigen comple.x are reversible processes, 
more pronounced at 37.5 than at from 8 to 10 C. Since the antigen complex is 
not a specific immunochemical entity, it causes complement to be fixed in non- 
syphilitic serums as well. However, in the majority of syphilitic serums, the 
reaction curves, as a rule, e.xtend farther along the abscissa, and their crests 
are higher than in the reaction curve of all other serums. Therefore, the gen- 
eral reaction can be convcnicntlj' divided into levels. The low'cr the reaction 
level, the greater is the number, and the more varied the type, of serums that 
will respond to the influence of the so-called antigenic reagent. By raising the 
level, a number of serums can be excluded. It w'ould appear, theoretically, that 
a diligent search might disclose a reaction level at which only S3’philitic serums 
would be involved. However, since the intensitj* of anj’ serum reaction, that is, 
the path followed by its curve, is determined not only by the type of immuno- 
reacting substances in the serum, but b}' their concentration and bj' serum factors 
which influence dispersion as well, the selection of a level at which all sj’philitic. 
and at the same time onlj’ s}’'philitic, serums could be made to react is unattainable 
with the present insufficient knowledge. Author’s Summary. 

Anaphylactic and Tuberculin Types of Hypersensitiveness. L. Dienes, 

J. Immunol. 20:333, 1931. 

The crystalline egg albumin and egg globulin differ considerably in their 
relationship to the different manifestations of hypersensitivencss. The cr 3 'stalline 
egg albumin tends to sensitize the organism to those manifestations of the h 3 'per- 
sensitiveness which are mediated by antibodies. The egg globulin tends to sen- 
sitize to those in which the active immunization plays the more important role. 
The difference between the antigens lies in their capacity to produce a different 
type of sensitization. We find no marked difference between them concerning 
their capacity to produce antibodies or to elicit the reactions themselves. The 
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observations with crystalline egg albumin and egg globulins present an analogy 
to the behavior of certain bacterial antigens that we usually find connected 
either with the tuberculin or with the anaphylactic type of sensitiveness. We 
have given a short review of our experiences concerning the capacity of different 
antigens to produce the tuberculin type of skin sensitiveness. With all innocuous 
antigens that we tested — as eggwhite and animal serums — we succeeded in pro- 
ducing this sensitiveness. With bacterial antigens we have not so far succeeded 

in producing it. a . c' 

Author s Summary. 


Loss OF Diphtheria Antitoxin in Human Urine. J. M. Neill, E. L. 

Gaspari and R. A. Mosley, J. Immunol. 20:347, 1931. 

The paper reported a study of the elimination of “natural” diphtheria anti- 
toxin in human urine. The urines were divided into three classes ; those con- 
taining no detectable serum protein as obtained from persons whose renal 
permeabilit}^ to protein was normal ; those containing moderate amounts of protein 
as obtained from persons (cardiac failure and orthostatic albuminuria) of abnor- 
mal renal permeabilitj' but with no lesions in the lower urinary tract; those 
obtained from persons with lesions in the lower urinary tract that might have 
afforded opportunity for whole serum to leak into the urine without filtration 
through the kidnej’. When derived from persons with normal kidne}"^ permeability, 
detectable amounts of antitoxin (0.002 to 0.004 unit per 1.0 cc.) were found only 
in the urines voided by a man possessing an exceptionally high (15.0 units) con- 
centration in his blood stream. When the urines contained moderate amounts 
of serum protein, antitoxin was contained if the donor of the urine possessed 
only moderately high amounts in his blood. The occurrence of antitoxin in urine 
containing no detectable serum protein is discussed. Data on the daily output 
of antitoxin showed that elimination by way of the urine can account for only 
a small portion of the drop frequently observed in the antitoxin content of the 
blood. However, none of the pathologic urines examined contained more than 
moderate amounts of albumin, and it is suggested that in cases of acute nephrosis 
or other clinical conditions in which large amounts of serum protein are elimi- 
nated, urinary elimination of antitoxin might be sufficient to cause a significant 
loss in the immunity reserves of the body. Authors’ Summary. 

Spontaneous Immunization of Rabbits to Vaccine Virus. F. Duran- 

Reynals, j. Immunol. 20:389, 1931. 

The examination of the results shown in table I leads to the conclusion that 
repeated injury from injection and bleeding increased the possibility of sponta- 
neous infection in an infected room. That 'this possibility was not materially 
influenced by the injection of an enhancing factor is evident by the fact that 
some animals injected with spleen or tumor tissue without enhancing power 
became immune as well as those receiving testicle extract. The part played by 
repeated injurj’- is indicated bj' the low incidence of spontaneous immunization 
(13 per cent) among the tumor animals which received a single injection, com- 
pared with the much higher figure (38 per cent) for the rabbits repeatedly injected 
with the testicle and spleen extracts. The easy possibility of unnoticed infec- 
tions leading to development of subsequent immunity has an important bearing 
on the interpretation of the recently much discussed question of the production 
of immunity by killed vaccine virus. Author’s Summary. 


Tuberculotoxins. F. Eberson and M. A. Sweeney, J. Immunol. 20:395, 
1931. 

Experiments are reported the results of which indicate that filtrates of cul- 
tures of tubercle bacilli in hormone broth contain substances that are toxic for 
tuberculous guinea-pigs. These toxic substances were neutralized by the serum 
of a goat immunized with these substances over a long period. 
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Acid Pkeciimtation of Dipiitukuia Toxin. W. E. Bunney, J. Cianciarulo 
and M. Kiamie, J. Imimniol. 20:417, 1931. 

A stud}" has been made of yields of diplithcria to.xin obtained by acid precipi- 
tation of the crude toxin. A comparison has been made between the yields 
obtained when tlic acid precipitate is centrifugated immediately after acidification 
and when twenty-four hours’ storage in the cold intervenes between the acidifi- 
cation and the centrifugation. Results are obtained which indicate that a satis- 
factory method for large scale purification of diphtheria toxin would consist in 
the addition of acid to the point of maximum precipitation followed by immediate 
centrifugation, washing and solution of the precipitate at the desired concentration. 

.Authous’ Summary. 


The Speed of FLOCCur..\TiON of Diphtheria Toxin. W. E. Bunney and 
AI. Kiamie, J. Immunol. 20:433, 1931. 


A toxin that on acidification yields a slight precipitate flocculating slowly 
in the Ramon test can be made to j'icld a rapidly flocculating precipitate by the 
addition to the to.xin of a protein foreign to the diphtheria bacillus but precipi- 
tating at the same />.. as the toxin itself. Authors’ Summary. 


Transmission of Sensitization from Af other to Chied. S, D. Beee and 
Z. Eriksson, J. Immunol. 20:447, 1931. 

Five cases of asthma and five of hay-fever in pregnant women were studied 
by the Prausnitz-Kusincr method as to the passage of antibodies through the 
placenta from mother to child. In each case the ability of the mother’s serum, 
while she was carrying the child, to give a local passive transfer to a normal 
individual was established, in most cases with the serum diluted 1 : 40 and in 
one case as high as 1 : 320. In no case could similar proi>crtics be shown in the 


undiluted cord blood or the undiluted child’s blood. 


.Authors’ Summary. 


Diphtheria .Antitoxin in Human Saeiva. J. Y. Sugg and J. AI. Neill, 
J. Immunol. 20:463, 1931. 

The concentration of antitoxin in the saliva was directly related to the con- 
centration in the blood; the average ratio of ^°^*^*'* antito\in _ 1.4:10'®; the 

ratio remained of the same order of magnitude in spite of the wide range in 
serum antitoxin concentrations (1.25 to 60 units) occurring in the group of 
people studied. Exception to the* usual ratio appeared to be characteristic of 
certain individual persons. The data indicate that during a year’s time the anti- 
toxin swallowed with the saliva .would be equivalent to approximately 25 per 
cent of the total amount in the blood. Unless reabsorption occurs, the gastro- 
intestinal tract must be considered an important channel of loss. 

Authors’ Summary. 

Infusion and Infusion-Free Diphtheria Toxin. AI. B. Kirkbride, K. C. 
Berthelsen and R. F. Clark, J. Immunol. 21:1, 1931. 

Diphtheria toxin of uniforml}'^ high potency has been produced in infusion-free 
peptone medium on a routine basis for a period of nearly two years. The infusion- 
free toxin compares in all respects very favorably with routine infusion toxin for 
the immunization of horses in the production of diphtheria antitoxin. This toxin 
has also been used extensively in comparative flocculation-reaction tests and found 
in all respects to compare favorably with the infusion toxin. The flocculation- 
reaction test for standardization of diphtheria antitoxin proved more accurate when 
relative^ large volumes were measured by pipettes than when the micrometer- 
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syringe method was used. Closer agreement was found between the flocculation- 
reaction-test and the subcutaneous animal method for the determination of anti- 
toxic content than between the flocculation and the intracutaneous animal test, or 
between the subcutaneous and the intracutaneous test. The flocculation-reaction test 
was satisfactory for preliminary estimations of the antitoxin content of the con- 
centrated as well as of the untreated serum. Besides its other advantages, the 
great saving in production cost as compared with the usual meat-infusion toxin 
makes the infusion-free peptone toxin an important economic factor where large 
amounts of toxin are required for the production of diphtheria antitoxin, for 
standardization, and possibly also for the active immunization of persons with toxoid. 

Authors’ Summary. 

Surface Phenomen.a in the Reaction of Toxin and Antitoxin. K. C. 

Berthelsen, J. Immunol. 21:21, 1931. 

It has been demonstrated that the toxin-antitoxin flocculation first takes place 
at the liquid-air surface, where the surface energy is at a minimum. Tests of 
to.xin made during its production in infusion-free peptone medium and particularly 
after purification by ultra filtration, showed that the shorter the flocculation- 
reaction time the higher the surface tension, measured in dynes. The results of 
tests made with an antitoxic serum in which the protein particles had been 
denatured heat, showed that there exists a parallelism between the flocculation- 
reaction time and the surface tension in d 3 ’nes. These e.xperiments indicate that 
changes in the colloidal state of the toxin-antitoxin interfaces probably result in 
changes in the reaction time. Author’s Summary. 


Flocculation-Reaction Time in the Course of Immunization and the 
Changes of the Proteins. K. C. Berthelsen, J. Immunol. 21:43, 1931. 

The flocculation-reaction time in general shows a continuous increase during 
the immunization period. This reaction time is in no way directly related to the 
titer ; but it does seem possible in many instances to find a relationship to the ability 
of the individual horse to produce antibodies. It has been demonstrated that the 
increase in flocculation-reaction time is not related to quantitative changes in 
protein fractions. It must, apparently, be due to qualitative differences. No 
qualitative differentiation in the protein complexes could, however, be demonstrated 
by means of surface-tension measurements. On the basis of this study it is, there- 
fore, concluded that it is necessary to investigate further the electro-kinetic phe- 
nomenon in order to gain a better knowledge of the qualitative characteristics of 
the immune protein. Author’s Summary. 


The Distribution of Electrolytes in Serum During Immunization. K. C. 

Berthelsen and P. P. Murdick, J. Immunol. 21:69, 1931. 

On the basis of the experimental data obtained in a study of serum from horses 
undergoing immunization with diphtheria toxin, the diffusible calcium in the serum 
displaj^ed a noticeable tendency to decrease in the twentj^-four-hour period follow- 
ing the injection of large amounts of toxin. A somewhat similar tendency was 
also noted in the case of the total calcium and the total base. There was con- 
siderable fluctuation in the amounts of total and diffusible phosphorus during the 
immunization period, but with no apparent relationship to the development of 
immunity, although these values tended to decrease as the antitoxic potencj" 
increased. It is suggested that this drop in diffusible calcium, and possibly also 
in other electrolytes, is a chemical factor related to the immunologic stimulation 


process. 


Authors’ Summary. 
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Role of the Nervous System and of Conditional Reflexes in Immunity. 
S. I^Ietalnikov, Ann. Inst. Pasteur 46:137, 1931. 


Bj' the use of methods developed by Pavlov, immunologic responses were 
obtained following the use of conditional stimuli. These w'ere produced by follow- 
ing the injection of antigen in rabbits with various external stimuli (scratching or 
heating of the skin, ringing of a bell, etc.). After from twenty to twenty-five such 
injections followed by stimuli the animals were left alone for about fifteen days; 
then the stimulus alone without the injection of the antigen was followed in some 
animals by an immunologic response. The responses that were obtained included: 
(1) leukocytosis, following the injection of vibrio of cholera plus stimulus, and 
later following the stimulus alone, (2) agglutinins for the ’same micro-organism 
and (3) cellular reactions in the peritoneal cavity. NonsiKicific immunologic 
responses were obtained by injecting guinea-pigs with filtrates of staphylococci or 
with Bacillus anthracis, accompanied by e.xternal stimuli. After an interval the 
external stimulus alone was rcjx'ated, followed by an injection of fatal doses of 
Vibrio of cholera. The animals so prepared survived while the controls died. 
The role of the central nervous system in immunity was studied in certain insects. 
The third thoracic ganglion seemed to be of importance for both natural and 
acquired immunity. The author’s experiments with higher animals were not 
successful. However, the recently published work of Speransky is quoted (The 
Nervous System in Pathology, Leningrad. 1930, in Russian), in which all sensory 
and motor nerves were removed from the left ears of two rabbits. To both cars 
of one of them Besredka’s antivirus was then applied, followed in twenty-four hours 
by an injection of a culture of staphylococci. The control animal and the left 
denervated ear of the experimental animal showed a severe inflammation, while 


the right ear was left intact. 


I; Davidsoiin, 


A Specific Wassermann Reaction in Hepatic Disto.miasis. G. Celli, 
Policlinico 38:171, 1931. 

A girl, aged 11 years, suffering from hepatic distomiasis but without any signs 
of syphilis, gave a positive Wassermann reaction which disappeared as .the 
distomiasis improved under treatment. 


Milk Antibodies in the Serum of Nurslings. P. Gyorgy, E. Moro and 
E. WiTEBSKY, Klin. Wchnschr. 10:821, 1931. 

Complement binding antibodies for milk were present in the serums of 40 
of 60 infants on a formula diet and normal nutritional conditions. These anti- 
bodies correspond in their properties to immune substances (precipitins) and differ 
from those significant in the genesis of eczema infantum. 

Authors’ Summary. 

The Wassermann Reaction with Fluids of the Tissues. Leo von 
W iKULLiL, Miinchen. med. Wchnschr. 78:708, 1931. 

The results of Wassermann tests with fluids from cantharides vesicles are 
comparable to those with serum. • Author’s Summary. 

Spleen and Phagocytosis. Erwin Schliephake, Ztschr. f. d. ges. exper. 
Med. 77:204, 1931. 

An extract of spleen is described -which appears to stimulate phagocytosis. 
Staphylococci and tubercle bacilli were used as test organisms. The typical effect 
takes place even with minute quantities of the splenic extract, but it is not pro- 
portional to the amount used. The extract is inactivated by boiling. 

Sander Cohen. 
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Specific Antigens' and Antibodies of the Brain. P. Skwirsky, B. 

Aronowitsch and N. Nejoloiva, Ztschr. f. Immunitatsforsch. ti. exper. 

Therap. 70:195, 1931. 

This is a check of the report of Georgi and Fischer on the demonstration in 
the blood serum of brain antibodies with the help of the absorption technic of 
Witelski. Lipoids of brain and heart with and without cholesterol are added to 
the serums for the purpose of absorbing the corresponding antibodies. Sub- 
sequently complement fixation tests are carried out with the same antigens. The 
results of Georgi and Fischer are refuted bj- pointing out the possible error in 
technic; even prolonged centrifu.gation does not remove the lipoids added to the 
serum. Brain antigen proved less satisfactory than heart antigen in complement 
fixation tests with serums and spinal fluids from patients with neurosyphilis. 

I. Davidsohn. 

The Specificity of Immune Serum and the Serum Diagnosis of Bacteria. 

^ A. Aoli, Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:217, 1931. 

The antigenic substances in bacteria can be divided into two groups of partial 
antigens, one of which is shared with many related species, the other being specific 
for the particular species. Both groups of partial antigens are represented in the 
immune serum by corresponding antibodies. In certain species the specific partial 
antigens are present in single individuals. By proper absorption specific immune 
serums can be produced, which permit the differentiation as well as the demon- 
stration of interrelationships between the bacterial species. In this manner it was 
possible to produce specific agglutinating serums for the various bacteria of the 
Salmonella group. Davidsohn. 

Absorption Experiments with Hemolytic Antibodies. Tsien-Yung Tsii, 

Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:223, 1931. 

Contrary to previous conceptions, absorption of hemolytic antibodies by kaolin 
from undiluted serum was demonstrated. The absorbed hemolytic amboceptor was 
shown by its action on red blood cells, and it could be separated from the absorbent 
by proper means. Sodium hydroxide interfered with the absorption of the hemolytic 
antibody by kaolin, while hydrochloric acid was indifferent or even favorable. The 
already effected combination of kaolin and hemolytic antibody was dissolved by the 
action of diluted sodium hydroxide as well as of inactivated sheep or rabbit serum. 

I. Davidsohn. 

Advaccine (Antidenatured Vaccine). L. A. Silber and E. I. Wostruchowa, 

Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:239, 1931. 

The previous communication dealt with the use of g]}'cerin as an antidenaturing 
menstruum for the vaccine. Due to its locally irritating qualities, it was success- 
fully replaced by saccharose and table sugar. (Fructose proved unsatisfactory.) 
The thermal death points of Bacterium paratyphosum B, Bacterium abortum equi 
and of other bacteria suspended in the sugars mentioned were raised. Mice 
immunized with vaccines of Bact. paratyphosum B and Bact. abortum equi, 
prepared with the sugars, showed a lower mortality and greater resistance to 
subsequent injections with the live organisms than when vaccines prepared with 
physiologic solution of sodium chloride were used. About 500 persons immunized 
with Bacterium typhosum vaccine, prepared as described, showed less local and 
general reactions and as good an antibody response as an equal number treated 
with a regular formaldehydized vaccine. j Davidsohn 
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Attempts to Immunize Rabbits Against Tuberculosis. K. W. Joetten and 
W. Pfannenstiel, Zlschr. f. Imnuinitalsforsch. ii. exper. Thcrap. 70:250, 
1931. 

Rabbits were treated intravenously with small, increasing doses of salt suspen- 
sion of dried tubercle bacilli of human type, having a low virulence for rabbits 
and not infectious for guinea-pigs. A considerable number of them showed an 
increased resistance to tubercle bacilli and a few were fullj' protected. Immuniza- 
tion with BCG was not more efficient than with human strains, but when adminis- 
tered to rabbits with old chronic lesions BCG seemed to be beneficial. In none of 
the experiments did BCG show any advantages as compared with the human stains. 
The Friedmann tubercle bacilli seemed to behave in a manner similar to B C G, but 
were somewhat less effective. Inhalation of human tubercle bacilli of a low viru- 
lence for rabbits produced a gradually increasing resistance against virulent bacilli. 
After about three hundred days the effect of the immunization began to abate. 

I. Davidsoiin. 


The Separation of Hemolytic Antibodies Fixed by KLvolin and Their 
Amboceptor Function. Caspar Tropp, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 70:289, 1931. 


The hemolytic amboceptor removed from diluted antishcep hemolysin by kaolin 
could be separated from the latter with hundredth-normal sodium hydroxide. The 
amount recovered was directl}’ proportionate to the original concentration of the 
amboceptor. Room and incubating temperature were more favorable than icebox 
temperature, but only if short periods (five minutes) were used. Treatment with 
physiologic solution of sodium chloride did not remove the hemolytic antibody from 
the kaolin even at 45 C. Kaolin loaded with amboceptor exerts hemolytic action 
after the addition of complement. The hemolytic tendency of the kaolin proper 
is eliminated by tlie added guinea-pig serum, and its anticomplementary effect is 
met by increasing the dose of the complement. j d^^yidsohn 


Complement-Fixation Experiments with Alcoholic Cancer Extiu\cts and 
WITH Other Synthetic Antigens. M. Eisier and J. Jacobsoiin, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 70:301, 1931. 

Cholesterolized alcoholic extracts of cancerous tissues gave positive complement 
fixations with SO per cent of serums from cancerous patients and with 35 per cent 
of various other noncancerous conditions. A pure cholesterol antigen, containing 
from 3.5 to 7 times as much of that substance as was present in the former, gave 
55 per cent fixation in cancerous and 33 per cent in noncancerous conditions. There 
was no regularity in the behavior of the serums with both antigens. Serums from 
syphilitic and pregnant noncancerous patients reacted frequently with cancer extract 
but rarely with pure cholesterol. Extracts of normal organs did not react. Chol- 
esterol and mixtures of palmitic and oleic acids and cholesterol were antigenic. 
Physicocheinical reactions between the serum globulin and the antigen, but not 
specific cancer antibodies, are probabl}’’ responsible for the phenomenon of the 
complement-fixation. Davidsohn. 

Two Kinds of Precipitins in Diphtheria Immune Serum. E. Hoen and 
L. Tschertkow, Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:325, 1931. 

The presence of two separate precipitins (tlie antibacterial and the aF^itoxic) 
is confirmed with the ring precipitation method of the authors. The bacterial 
precipitins were of a considerably lower titer and independent of the antitoxic 
qualities, which were parallel to the titer of the antitoxic precipitins. The two 
could be separated from each other by absorption, without influencing the titer 
of the antitoxin. Mixing of unheated immune serum with another heated for fifteen 
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minutes at 65 C. removes its precipitating ability, as was shown by Sclimidt and 
Sclioltz, but with the author’s method the antitoxic precipitins could be demon- 
strated. j Davidsohn. 


Bacteriologic Investigations oe a Strain of Tubercle Bacilli Isolated 
FROM THE Lungs and Lymrii Nodes of a Child Vaccinated with BCG. 
A. Ariztia, J. Orellana and Sotero del Rio. Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 70:370, 1931. 


A male infant was given three doses of BCG by mouth on the sixth, eighth 
and tenth day after birth. The child died at the end of the second year, having 
suffered during life from congenital syphilis, bronchopneumonia and varicella. Post- 
mortem examination revealed tuberculous lesions of the lungs and mediastinal 
lymph nodes. The source of the tuberculous infection was traced with great proba- 
bility to the BCG. Guinea-pigs into which suspensions of the pulmonary and 
lymphatic tissues were injected developed typical tuberculous lesions, from which 
tubercle bacilli virulent for rabbits but not for cattle were isolated. They were 
neither of the human nor of the bovine type, but behaved e.xactly like the BCG 
strain of increased virulence isolated by Hormaeche. j d^widsohn 


Further Observations on the Rei.ation Between the Wassermann Reac- 
tion AND THE Blood Groups. Anna Sciiapiro, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 70:381, 1931. 

The previously reported observation {Ztschr. f. hnmunitatsjorsch. u. c.rpcr. 
Therap. 64:1, 1929) that in patients of group O a P the positive Wassermann 
reaction turns negative sooner than in the other groups is explained by the fact 
that the titer of the natural antisheep hemolysin is higher, and that of the com- 
plement lower, in that group than in the others. Following a thorough absorption 
of the natural hemolysin, the negative reaction in many of these serums became 

■, I. Davidsohn. 


Tumors 

Tumor Immunity. Thomas Lumsden, Am. J. Cancer 15:563, 1931. 

The mechanism of resistance to the implantation of malignant neoplasms has 
been investigated by numerous workers with contradictory results. Lumsden states 
^that he “began the study of tumor immunit}' with a mind untrammelled bj' too 
deep a knowledge of the literature . . . and taking nothing for granted has 
investigated independently a large number of crucial points.” As a result of his 
multiple experiments he reached the following conclusions : Antibodies lethal to 
cancer cells, but harmless to normal tissue cells, can be produced. When an 
implanted tumor already established in the body is gradually destroyed by the 
injection of antiserum or of formaldehyde into it, active immunity against the 
tumor is induced by a mechanism that may be called autovaccination. 

Lumsden finally stated that the most hopeful means of attaining a “cure” of 
cancer appears to be (1) to inject antiserum into. the primary cancer (or the arteries 
supplying it), localizing it there by constriction or by epinephrine; (2) thereafter, 

if necessary, to complete by operation or by irradiation the local destruction of the- 
tumor. 

B. M. Fried. 


Primary Liposarcoma of Bone. F. W, Stewart, Am. J. Path. 7:87, 1931 

In reporting these three cases of tumor of bone as cases of liposarcoma I am 
fully cognizant of the fact that I am in doubtful territory. In no case has it been 
possible to trace the actual origin of the tumor to fat cells, although in one instance 
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the inflammatory fatty changes in the marrow apart from the tumor were sug- 
gestive. The conclusions drawn rest entirely on circumstantial data : the resem- 
blance of the tumor cells to fat cells, the presence of large fat droplets in one case, 
the general resemblance to fat cells in another, although no specific fat stains 
are available, and the xanthomatous droplets in the second case; the peculiar 
clinical course in all three instances, namcb', a suggestion, at least, of a multiplicity 
of bone lesions, which recalls the behavior of certain of the liposarcomas that I 
have observed in the soft parts ; the lack of evidence of a primary epithelial origin, 
and an appearance inconsistent with primar 3 '- tumors of bone of known types. 
That the disease is more or less of a clinical entity may be surmised from the fact 
that all three of the tumors cither were multiple in bone or else showed a pro- 
nounced tendency to metastasize to other bones, and from the fact that the two 
treated by irradiation both proved to be radiosensitive. The boii}^ tumors regressed 
markedly in the one case, and the pulmonary metastases were long held in check 
in the other. This radiosensitivity is inconsistent with either a primary tumor 
of bone of an osteogenic variety which even remotely approaches these lipo- 
sarcomas in structure, or a metastatic adenocarcinoma, but it is not inconsistent 
with certain liposarcomas that I have observed in the soft tissues. It is of further 
interest from the clinical standpoint that whereas in osteogenic sarcoma cranial 
metastases are rather uncommon, in two of the three tumors that I have regarded 


as liposarcoma cranial involvement occurred. 


Author’s Summary. 


CoNGENITAU RHABDOMYOMA OF THE Heart. L. Farber, Am. J. Path. 7:105, 
1931. 

Only two instances of this rare tumor have been reported previously in American 
literature. In Farber’s case, which occurred in a girl, aged 6 months, there was 
also cerebral tuberous sclerosis. The entire literature on congenital rhabdomj'oma 
is reviewed and discussed. 


Primary Neoplasm of Heart Valve. C. F. Branch, Am. J. Path. 7:157, 
1931. 


A papillary branching fibroma of the tricuspid valve is described. The tumor, 
like the valve, contained no blood vessels. Ev'ery papillary stalk of the tumor 
was composed of a single or a compound core of dense collagen fibrils surrounded 
bj" loose connective tissue, outside of which was a layer of homogeneous material 
■covered by endothelium. The tumor seemed to show a gradual growth and trans- 
formation of fibroblasts, starting in the homogeneous layer and ending in dense 
fibrous tissue. A similar homogeneous layer occurred beneath the endothelium 


lining the valve. 


Author’s Summary. 


Chondrosarcoma with Intravascular Growth and Tumor Emboli to 
Lungs. S. Warren, Am. J. Path. 7:161, 1931. 


A case of chondrosarcoma with extensive intravascular growth and tumor 


emboli in the pulmonary circulation is described. 


Author’s Summary. 


Intestinal Adenoma in Swine. H. E. Biester and L. H. Schwarte, Am. J. 
Path. 7:175, 1931. 


The characteristic proliferations of bile ducts in coccidiosis of the liver in 
rabbits, the adenomatous formations in the equine stomach due to nematodes, the 
adenomas in bilharziasis and the characteristic columnar cell-lined adenomatous 


proliferations described in connection with infestations of the lungs by^ worms 
and pneumonia of sheep all suggest a relationship between intestinal adenomatous 


proliferations and destructive processes followed by epithelial regeneration, as 
against their interpretation as independent tumors arising from isolated or mis- 
placed embryonic rudiments. t- a j 

From Authors Summary. 
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Quadruple Inoculations of Adenocarcinoma. J. J. Bittner, J. Cancer 
Research 14:466, 1930. 

Transplants of an adenocarcinoma were inoculated at four sites simultaneously 
in each of 462 mice. The results supported the genetic theory of transplantation. 
The organism responds alike to multiple transplants from the same tumor tissue. 
The physiologic characteristics of both the host and the tumor tissue are controlled 
by intrinsic genetic factors. p m 


The Iodine Content of the Blood of Patients Suffering from Cancer. 

Frank S. Fowweather, Brit. J. Exper. Path. 11:400, 1930. 

There is no uniform reduction of the iodine of the blood in cases of cancer. 
Of twenty-four cases examined, only eleven showed values for the iodine of the 
blood below what may be considered as normal. This failure to find a constant 
association between a low iodine content of the blood and cancer is definite evidence 
against the view that a deficiency of iodine is a cause of cancer. While in cancer 
there may be a tendency toward a lowered iodine content of the blood, there 
is at least as much justification for assuming that the reduction is the result of 
the cancerous condition as there is for assuming that it is the cause of this condi- 
tion. Further, since a reduction of the iodine of the blood was indicated in rather 
less than half of the cases examined, the determination of the iodine content of 
the blood as a diagnostic test for the presence of a malignant disease can have 
no value. Author’s Summary. 


The Influence of Vital Staining on Induced Resistance to the Growth 
OF Transplantable Tumours. R. J. Ludford, Brit. J. Exper. Path. 
12:45, 1931. 

By vital staining with trypan blue it is possible to break down the immunity 
to tumor transplantation induced by the inoculation of an emulsion of embryonic 

Author’s Summary. 


A Case of Primary Adamantinoma of the Tibia. A. H. Baker and L. M. 
Hawksley, Brit. J. Surg. 18:415, 1931. 

A tumor occurred in the lower part of the left leg following an injury in a 
patient, 46 years of age. A portion of the tibia was removed and showed an 
infiltrating epithelial neoplasm in a fibrous tissue stroma containing giant cells. 
There were occasional whorls of stellate cells with an outer layer of columnar 
cells. The growth had the histologic character of adamantinoma, the stellate 
cells representing the enamel pulp and the columnar cells the ameloblasts of the 
embryonic enamel organ. There was no evidence of a formation of enamel. The 
epithelial tissue was accounted for on an embryonic basis. The authors have 
found only one similar case, that of Fischer (Frankfurt. Ztsclir. f. Path., 1913). 

AI. C. Porterfield. 

Hemendothelioma of Spleen and Bone Marrow. C. G. Paine, J. Path. & 
Bact. 34:139, 1931. 

A malignant tumor of the spleen and bone marrow with a metastasis to the 
liver is described. Histologically it appeared to be a hemendothelioma. 

Author’s Summary. 

c 

Astrocytoma of the Cerebrum Showing Extensive Involvement of the 
Opposite Cerebral Hemisphere. E. A. Linell and K G McKenzie 
J. Path. & Bact. 34:195, 1931. 

An astrocytoma that had shown clinical evidence of its presence for over nine 
years before the death of the patient was submitted to detailed histologic examina- 
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lion. This revealed widespread infiltration by tumor tissue far beyond the 
macroscopic limits of the growth. The greater part of the tumor as delimitable 
by the naked eye was seen histologically to correspond to its degenerating portion. 
Although the growth had spread from the left into the right cerebral hemisphere, 
little clinical evidence of its presence in the latter had been shown, even though 
pathologic changes were noted in nerve fibers entering this part of the tumor. 
This case raises the question of the value of deep roentgen therapy for this type 
of tumor. Bailey, Sosman and van Dessl (1928), in an analysis of a large number 
of cases of glioma that were submitted to roentgen therapy, concluded that the 
astrocytomas were among those groups least favorably infiuenced by this form 
of treatment. Recent work on the effects of radium on normal tissue of the 
brain by Carmichael and Ross (1930) has shown that this agent can produce 
well marked astrocytic proliferation not only around the area destroyed by the 
radium, but also within the area of the lesion. There seems to be a possibility, 
therefore, that the rate of growth of an astrocytoma may be stimulated by this 
form of therapy. In this connection it is perhaps worthy of note that treatment 
by x-rays produced no definitely beneficial effect in this case. 

Authors’ Summary. 

Metastasis oe the “Bexiox” Giaxt-Ceix Tumor oe Boxe. S. C. Dyke, 
J. Path. & Bact. 34:259, 1931. 

A case of “benign” giant cell tumor of bone is recorded, in which metastases 
of the same structure as the primarj' tumor were demonstrated in the scalp, lungs, 
kidneys and mediastinal and peritoneal lymph nodes ; there was evidence of 
metastases in the ribs and the spine, but this was not proved histologically. The 
history of the case extended over five 3 -cars. It is concluded that this tumor, 
unless completely eradicated, is liable in the course of time to assume malignancy 
of a high order. Author’s Su.m.mary. 


Tumor Immunity: The Effects of the Eu- and Pseudo-Globulix 
Fractions of Anti-Cancer Sera on Tissue Cultures. Thomas 
Lumsden, J. Path'. & Bact. 34:349, 1931. 

When the euglobulin and the pseudoglobulin fractions of an anticancer serum 
are isolated, the euglobulin fraction contains all the antibodies that are specifically 
toxic to cancer cells ; it also contains an}' hetcrotoxins that have escaped destruc- 
tion during the process of fractioning. The pseudoglobulin fraction contains the 
antispccies bodies. By fractioning anticancer scrum as described, it can in effect 
be concentrated tenfold, since the euglobulin fraction is ten times less toxic to 
mice than the equivalent quantity of anticancer scrum from which it was made, 
although it has lost none of the original toxicity to the cancer cell. It is considered 
that the experiments described demonstrate beyond reasonable doubt the e.xistence 
of antibodies having a specific affinit}- for cancer cells. 

Author’s Summary. 

The Citelli-Piazza Reaction in Malignant Tumors. P. Sarco, Arch, di 
pat. e din. med. 10:98, 1930. 

All except three of eighteen cases of cancer showed a distinct hemoclastic 
crisis after the injection of fresh tumor extract. The author recommends this 
reaction for further study on account of its high positive percentage. 

Emmerich Haaji. 

The Stimulating Effect of Arsenic on Chicken Sarcoma. L. Califano, 
Riv. di path. sper. 6:113, 1930. 

Arsenic acid stimulated the growth of a previously slowl}' growing Rous 
sarcoma. It also changed the physical nature of the tumor, making it softer and 
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more vascular, .with an inclination to liquefaction in the center. The mode of the 
action of the arsenic is not clear. Emmerich Haam. 

The Growth of Tumors in Tissue Without Nerves. E. Bresciano and 
E. Cancellara, Riv. di path. sper. 6:119, 1930. 

To test the influence of nerves on the development of tumors a measured 
quantity of an emulsion of a tumor was injected into the muscles of a chicken’s 
thigh from which the sciatic nerve had been removed. At the same time the other 
thigh with intact sciatic nerve received an injection of an equal quantity of the 
emulsion of tumor. No difference in the growth of the implanted tumor tissue 
was observed. Emmerich Haam. 

The Effects of Dyes on Tar Cancer in Mice. J. Forsman, Acta path, et 
microbiol. Scandinav. 8:16, 1931. 

The injection of solutions of a large number of dyes had no effect either 
favorable or unfavorable on tar cancer in mice. 


Medicolegal Pathology 

Criminal Abortion. P. Fraenckel, Deutsche Ztschr. f. d. ges. gerichtl. Med. 

16:405, 1931. 

In criminal abortion, the main fact to be proved is whether there is a preg- 
nancy. Therefore, a microscopic e.xamination of the uterus should never be omitted. 
Gravidity changes of the uterine muscles and blood vessels, as well as the invasion 
of the myometrium by chorion, can be found in spite of a complete removal of 
the mucous surface. There are two main types of general infection following 
criminal abortion: (1) septicemia without any thrombotic or suppurative processes, 
with septic swelling of the spleen, cloudy api>earance of parenchymatous organs, 
septic icterus with hemolytic processes, etc.; (2) the thrombophlebitic (pyemic) 
type, with metastases, peritonitis, etc. In the first group, the anatomic inter- 
pretation as to the portal of entry, when there are no gross or microscopic lesions 
of the genital organs, may be extremely difficult. Presence of bronchopneumonia 
maj' complicate the situation, since it might be diagnosed as the primary cause of 
the septic abortion. In instances of infection of the embryonic sac, one maj^ find 
only a septic metritis, without evidence of the septic endometritis of induced 
abortion. Important are the concomitant changes of the ovaries, which may contain 
confluent abscesses due to suppuration in follicular cysts ; often a rapid softening 
and complete destruction of the ovary may follow. One may be deceived and 
assume that these changes are primary or contributory causes of the abortion. The 
progress and the route of the infection can be more clearly followed in the 
thrombophlebitic form, as the thrombotic process is a reliable guide; it leads one 
from the surface of the uterine cavit}', through the uterine wall and its venous 
plexus, into the parametrial plexus, to the hypogastric vein. Thrombophlebitic 
involvement of the spermatic- (ovarian) vein, often unilateral, is common and may 
reach the renal vein and extend even into the inferior cava. If the mj'ometrial 
thrombotic process suppurates, one finds minute intramural abscesses, well dis- 
cernible on the cut surface. In the central nervous system, there may be subpial 
miliary abscesses, and the brain tissue may contain circumscribed necrosis, due 
to septic emboli. Peritonitis following abortion occurs also, on account of migra- 
tion of micro-organisms through the uterine wall without primary involvement of 
the genital organs. In instances of purulent accumulation in Douglas’ pouch, the 
external layers of the uterus may show deep septic softening, which should not 
be misinterpreted as signs of injury. If intra-uterine injections were used, the 
ovaries often contain abscesses, and' there may be pus in the distal part of the 
tubes; the entire tube, however, is rarely involved by a uniformly developed sup- 
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purative process. Infections with the gas bacillus are not uncommon and are 
observed usually in connection with intra-utcrine injuries. The uterus appears 
greatly distended (physometra), and tears occur, which one may erroneously believe 
to have been produced mechanically. Under normal conditions, this micro- 
organism is found in the genital canal of about from 30 to 40 per cent of adult 
women. One may occasionally hesitate to diagnose a case of gas bacillus infection, 
believing that one is dealing with a cadaveric emphysema, but the presence of 
icterus, of pigment deposits due to hemolysis, of mcthcmoglobin casts in the 
kidneys and of necrotic areas at the site of the placenta will safeguard one against 
a wrong conclusion. A complete skeletization of a 6 months old fetus occurred, in 
a case of gas infection, within twenty-two hours, and in another case within from 
twenty-seven to thirty-six hours. Acute verrucous endocarditis may be seen at 
the end of the first week, in. the form of delicate gray-red thrombotic efflorescences, 
and if present with the genital infection, is undoubtedly secondary. Otherwise, 
endocarditis leads rarely, if ever, to suppuration of the uterus. In 17 per cent of 
209 abortions, injuries to the uterus were found. Perforations In the cornua of the 
uterus are usualh' produced by the curet in the hands of a physician. Injuries of 
the cervical canal are rather common; thej' may heal completely before death 
or maj' show, on microscopic examination, inflammatory (purulent) changes. In 
instances of sudden death following abortion, one should be on the alert for air 
embolism and thoughtfully employ the required autops 3 ’ technic. In decaying 
bodies, a i>ositive diagnosis of air embolism is imi>ossible. 

E. L. AIiloslavich. 

Acute Yellow Atkopiiy of the Liver rRo.^^ Poisoxixc hy Morel 
(Helvella Esculexta). U.mrer, !Mod. klin. 1:947, 1930. 

A woman, aged 40, became ill after eating morel. Icterus developed in severe 
form, and death occurred in coma on the ninth daj-. The autopsy revealed acute 
yellow atrophy of the liver in extreme degree. In light cases of poisoning by the 
morel mushroom there arc symptoms and signs of injury to the hepatic parenchyma 
(K. Lande: Muncheu. med Wchnschr. 2:1615, 1930). 

PoisoxiNG FROM Ferrosilicon. A. Jexell and AI. Haalaxd, Med. rev., 
Bergen 47:145, 1930. 

The article describes the poisoning, presumably Iw hj'drogen phosphide, of 
seven passengers, three of whom died, on board a ship loaded with 75 per cent 
ferrosilicon. The symptoms were in the main dizziness, headache, vomiting, 
weakness and unconsciousness. Warm-blooded animals are killed in a short time 
b}’- 0.2 per cent hydrogen phosphide, which maj’- be given off bj" ferrosilicon. Both 
in poisoned animals and poisoned human beings the main changes are in the lungs : 
congestion, edema and ecch}’’mosis. Hj’drogen phosphide is decomposed as it reaches 
the lungs bi-^ inhalation; consequent!}’- the chemical demonstration of the poison 
is practically impossible. Ten other instances of similar poisoning on board ship 
are mentioned; in one instance fift}-^ persons were poisoned, with eleven deaths. 

Peculiar Cadaveric Changes of Brain. W. Gerlach, Deutsche Ztschr. f. d. 
ges. gerichtl. Med. 16:431, 1931. 

^Microscopic examination of the brain removed from a person who drowned and 
whose bodj’ was floating in water for four weeks disclosed accumulations of 
cellular elements in the leptomeninges, and a chronic meningitis was assumed. 
Gerlach reexamined the tissues and showed that the round cells did not surround 
the blood vessels entirely, being present onlj'^ on their upper or free side, but never 
toward the surface of the brain. No cellular elements were evident in the depths 
of the gyri. Since the cerebellum and peduncles were decayed, he assumes that 
these accumulations were cadaveric artefacts due to the transportation of decayed 
masses as a result of continuous moving and shaking of the body in the water. 

E. L. Miloslavich. 
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A Simple AIethod of Typing Dried Blood. Franz Josef Holzer, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 16:445, 1931. 


The description of the technical procedure should be read in the original. The 
results obtained show that receptors A and B are exceedingly stable. Their 
resistance is much higher than that of the agglutinins and permits group deter- 
minations not only on minute traces of blood, but also on old and dried spots of 
blood. Errors may occur on account of an unspecific union or owing to nonunion. 
The detection of blood groups by this method gives correct results in 90 per cent 
of the cases. Some faulty reactions may occur, however, in this as in any 
biologic test. ^ AIiloslavich. 


Gas Analysis of Putrefying Lungs. B. Mueller, Deutsche Ztschr. f. d. ges. 
gerichtl. Aled. 16:459, 1931. 

Analysis of the oxj'^gen content of the lungs was recently recommended by 
Dj'renfurth as a new method to establish whether a new-born infant, the body of 
which has putrefied, was born alive or did not breathe. The author found that 
the oxygen content of the alveolar air in decayed lungs that have breathed, 
regardless of the temperature in which they are kept, drops relatively very 
rapidly, and after from four to six days amounts to only from 2 to 2.5 per cent. 
In instances of advanced putrefaction, in which the lung tissue becomes partly 
disintegrated and porous, the atmospheric oxygen may penetrate these areas. 
Analysis of lungs that did not breathe disclosed approximately the same amount 
of oxygen as those that had breathed. The gas analysis consequently is not 
reliable in the case of decayed lungs. Miloslavich. 


Injuries of the Head Caused by Blunt Instruments. Walcher, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 17:22, 1931. 

In certain cases of injury to the head the questipn may arise whether the 
injury is the effect of a blow or of a fall. In examining it, occasionally one may 
clearly see the imprint of a blunt instrument or recognize the contact surface of 
the impact object. If the injury is found on the lateral aspect of the head, one 
should not omit to examine that side of the bodjq particularly its prominent areas, 
such as the shoulder, elbow, trochanter region, ankle, etc. Deep incisions are 
necessary, since bruises of the deeper lying structures, such as hemorrhages within 
the muscles, traumatic pocket formations within the soft tissues, etc., may be 
present without any evidence of injury to the skin. In instances of a fall on the 
back of the head, hemorrhages may be found in both iliopsoas muscles, apparently 
due to abrupt, intense contractions of these muscles during the balancing of the 
body. A fall on smooth and even ground will, as a rule, produce bruises at the hat- 
brim level ; all injuries above this line are to be suspected of having been inflicted 
by an assailant. Linear fractures, and also comminuted fractures, ma}"^ develop in 
a simple fall on a paved road, for instance in intoxication, particularly in older 
people. A depression of the fragments may occur if a projecting area or object, 
such as a small stone, was present at the site of the impact. A vertical linear 
fissure through the occipital bone indicates a fall on the back of the head. Terrace- 
like, sloping fractures are observed not only in instances of a blow with a blunt 
instrument, but also in a fall on an edged surface. Pinching of hair between the 
fractured bone fragments is best seen on macerated bone and occurs most often in- 
cases of blunt injuries. Large pocket formations indicate action of a moving force,, 
for instance, an automobile, and are never met with in a simple fall. Microscopic 
examination of abraded or excoriated surfaces or of the edges of the wound may- 
reveal the presence of foreign bodies and be of particular significance. Contrecoup- 
injuries of the brain may also develop in instances of fall and were found thirty- 
six times in eighty-four oases. t- t -.r 

L. L. Miloslavich. 
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Detection of Carhon Monoxide in Exhumed Bodies. Waldemar 
Weimann, Deutsche Ztschr. f. d. ges. gcrichtl. Med. 17:48, 1931. 


Presence of carbon monoxide can be proved even in decayed bodies, as, for 

instance, in cadaveric transudations in the pleural cavity or in mushy parts of tlic 

brain. In two cases, forty-five and fifty days, respectively, after death, chemical 

and spectroscopic examinations of the pulp of the spleen and of the lungs were 

successful. T- T 

E. L. Miloslavich. 


Potassium Chlorate Poisoning. Z. Morgenstern and M. Awdejev, 
Deutsche Ztschr. f. d. ges. gcrichtl. Med. 17:51, 1931. 

Two cases are described, in -which intravenous injections of Ringer-Locke 
solution containing minute amounts of potassium chlorate were administered. 
Typical clinical symptoms of potassium chlorate poisoning appeared, and death 
followed in a few days from anuria and methemoglobinemia. The cadaveric 
hypostasis was of a purple-blue color. Miloslavich. 


Technical 

SupRAViTAi, Staining with Silver A.mmo.viu.m Carbonate. F. A. McJunkin, 
Am. J. Path. 7:131, 1931. 

Silver ammonium carbonate may be used to mark living cells supravitally. 
By supravital staining with silver ammonium carbonate the origin of the monocytes 
is seen to be from the silver-marked portion of lymphoid tissue. The histiocytic 
tissue of the sinusoidal organs also reacts to supravital silver, but the response 
is unlike that of the monocytes. The two component parts of the so-called reticulo- 
endothelial sj’-stem are so unlike in function and structure that they should not 
be grouix;d together. Tho histiocytic tissue of the sinusoidal organs, consisting 
mostly of anchored cells, functions chiefly as a fixed tissue. On the other hand, 
the monocj'tes, originating in the lymphoid tissue, are a normal clement of the 
circulating blood and may be concentrated quickh' in any tissue or caviti'. 

Author’s SuiMmary. 


Galactose in Tests of the Function of the Liver. Harry Shay, Eugene 
M. Schloss and Milton A. Bell, Arch. Int. Med. 47:391, 1931. 

Galactose seems to be suitable for the testing of the function of the liver 
because it is obtainable in pure form, is readily absorbed from the digestive 
tract, is converted into glycogen b}" the liver with some difficulty as compared 
with other sugars (dextrose and fructose), is practicall}’- not utilizable by any 
tissues other than the liver, and because, after it reaches the general circulation, 
it is excreted in the urine regardless of either the state of the renal excretory’ 
mechanism or the activity of the endocrine glands. 

From Authors’ Summary. 


The Serology of Syphilis. H. Eagle, J. Exper. Med. 53:605 and 615, 1931. 

The discovery that there are many substances with the sensitizing properties 
hitherto believed peculiar to cholesterol and its derivatives, and that sensitizer 
added to antigen in quantities manj’- times those currently used continues to increase 
the complement-fixing efficiency of the antigen without giving falsely positive 
reactions, has made possible the preparation of an antigen much more sensitive 
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than any hitherto available for use in the Wassermann reaction. Dry powdered 
beef heart muscle, 100 Gm., is extracted with ether, 500 cc., for fifteen minutes 
at 37 C., with shaking. After filtration with suction, the ether filtrate is discarded. 
The powder is then dried and extracted for from three to five days with 500 cc. 
of 95 per cent alcohol, with intermittent shaking. The mixture is filtered, and 
the moist powder washed on the filter paper with two portions of alcohol, each 
100 cc. The alcoholic filtrate and the washings are combined and evaporated 
on the steam bath to from 250 to 300 cc. Cholesterol (0.8 per cent) and sitosterol 
(0.6 per cent) are then added, and dissolved at from 65 to 75 C. The excess 
sensitizer that crystallizes out on cooling is dissolved just before use by immersing 
the antigen in a bath at 56 C. for a few minutes. The antigen is diluted by pouring 
saline solution into it rapidlj\ A dilution of 1 : 40 is recommended for use in 
water bath fixation (one-half hour at 37 C.), as well as for the short icebox 
fixation (four hours at 8 C.), and a dilution of 1 ; 120 for use in the overnight icebox 
fixation (from sixteen to twenty-four hours at 8 C.), as being well beyond the 
anticomplementary range, the anticomplementary dilutions being 1 : 5 and 1 : 25, 
respective!}'. There is reason to believe that this antigen possesses almost the 
maximum sensitivity obtainable. The method of preparation insures that the 
antigen is almost saturated with antigenic lipoids, and more sensitizer could not 
be added without increasing the turbidity of the dilution in saline solution to a 
point where it would interfere with the reading of hemolysis. Any further improve- 
ment must await the discovery of better sensitizers. Preliminary experiments 
indicate that this new sensitizer, sitosterol, will find an immediate application, not 
only in the Wassermann reaction, but also in a more sensitive flocculation test to 
be described. 

Serum, in concentrations greater than 1 : 25, causes a marked inhibition of 
complement-fixation in general and of the Wassermann reaction in particular. 
The serum protein is probably adsorbed by the colloidally dispersed lipoid-reagin 
complexes, forming a protective film that prevents the fixation (adsorption) of 
complement. This inhibition explains the zone phenomenon in complement-fixation : 
a weakly positive serum may give a completely positive reaction in, e. g., a dilution 
of 1:5, and yet appear completely negative when tested as whole serum. The 
greater sensitivity of the icebox test is due to the less marked inhibition by 
serum at lower temperatures, to the prolonged period of incubation, making for 
greater specific fixation, to a more marked nonspecific destruction of complement 
by antigen and to a spontaneous deterioration in the longer icebox test. Because 
of the inhibition by serum in high concentration, a quantitative Wassermann 
technic involving the use of graded quantities of serum is worthless when carried 
out at 37 C. Even the icebox test, which is less susceptible to this inhibiting 
effect, yields a positive reaction with whole serum only when the circulating 
reagin exceeds a surprisingly high threshold (six to ten times the quantity that 
could be detected in dilute serum). It is well known that a negative Wassermann 
reaction, even by a very sensitive test, does not exclude syphilis ; it now appears 
that a negative Wassermann reaction does not exclude circulating reagin. 

Author’s Summaries. 


Colon-Aerogenes Organisms. F. O. Tonney and R. E. Noble, J. Infect. 

Dis. 48:413, 1931. 

The practical advantages of direct plating in cyanide-citrate agar are: The 
method is simple and yields results in forty-eight hours. Bacillus coli and B. 
aerogenes may be separated and their numerical relationship established. A more 
accurate index is obtained than in liquid mediums. The direct count is not 
obscured by overgrowths and not interfered with by other lactose-fermenting 
organisms, such as Clostridium welchii or B. aerosporus. The “pour plate’’ 
method with deep colonies insures the isolation of pure cultures more easily than 
the surface streak method. 

i-ROM Authors Summary. 
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Regular Meeting, Feb. 26, 1931 
LniLA Chaui.ton Kxox, President, in the Chair 

Congenital Traciieo-Esophageal Fistula Caused by an Aberrant Ductus 

Arteriosus. Henry Rascoff and Mendel Jacobi. 

On the day of its birth a full term infant with no external developmental defects 
showed suffocative symptoms with each feeding and returned all food through its 
nose. Esophagoscopic and roentgenologic examination confirmed the clinical diag- 
nosis of esophageal stenosis at the sternoclavicular junction and tracheo-esophageal 
fistula. The child died of diffuse hronchopneumonia within two weeks after birth. 

Autopsy revealed a large blood ■vessel of the same caliber as the aorta arising 
from the descending aorta and running upward and mcdiallj' to the right, then 
forward and downward to enter the iiostcrior surface of the left pulmonary arterj' 
near its origin. In its course the aberrant vessel lay dorsal to the tracheo- 
esophageal fistulous tract and just below and slightly ventral to the lower end 
of the stenosed upper esophageal pouch. Behind the vessel lay a fibrous cord 
connecting the two portions of the esophagus; no epithelial, muscular or cartilag- 
inous elements were present in this cord. 

The anomalous tracheo-esophageal formation was interpreted as having been 
caused by the aberrantly situated and unusually large-calibered ductus arteriosus. 
This is in accord with the view of Keith that external pressure factors (chiefly 
of vascular origin) are responsible for the anomaly in question. The supporting 
cases of Harris and of Shellshear and Anderson were reviewed. The opposing view 
of Lewis was discussed. 

DISCUSSION 

Alexander H. Rosenthal (by invitation) : While working as an assistant 
in the department of pathology at Mount Sinai Hospital several months ago, I had 
the privilege of helping at postmortem examinations in two cases of congenital 
esophageal atresia. These aroused my interest in the subject, and I went down 
to Baltimore to see if a stud}" of the normal development of the trachea and 
esophagus at the time the separation takes place would not throw some light on 
the formation of this anomaly. As Dr. Rascoff and Dr. Jacobi stated, the article 
by Plass was the most complete up to 1919. He reviewed 146 cases. I have 
reviewed 80 cases of tracheo-esophageal fistula with congenital atresia of the 
esophagus since his review. In the 6 or 7 cases mentioned by Dr. Rascoff, and 
in the 8 cases that are available to me, 5 from Mount Sinai Hospital and 3 from 
the Brooklyn Jewish Hospital, there has been no record of an arterial anomaly 
concomitant with this congenital anomaly. 

In order to -understand the development of this anomaly, I believe one must 
fix his attention on the stage in which the trachea separates normally from the 
esophagus. I am showing a photograph of an actual reconstruction of the entoderm 
and the arterial tree at this stage in a 4 mm. human embr 3 ' 0 . One will notice 
ventrallj" a pulmonary anlage separating from a primitive esophagus in the manner 
outlined by Drs. Rascoff and Jacobi. If one examines this diagram (and I have 
seen the actual cross-sections of this embryo while working with Dr. Streeter), 
one sees how far the arterial arches, including the last, are from the primitive 
entoderm, which ultimately gives rise to the trachea and the esophagus. A striking 
fact is the constant morpholog}" of this anomaly. There is always an upper 
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atretic sac and practically always a lower portion entering the trachea at or very 
near its bifurcation into the bronchi. It means then that this posterior jxjrtion 
of entoderm must be the site of the lesion, whatever that lesion may be. It seems 
a little far fetched, therefore, to assume that distant pulmonary vessels which 
ulimately may give rise to an aberrant ductus arteriosus should affect this separa- 
tion at the time when it occurs. One gains the impression in reading Congdon’s 
article from which this photograph was taken, and another written in 1926, that an 
anomaly in the formation of blood vessels is not the cause of anomalies of any 
system, including this one, but is rather in turn the result. 

Ysander reported an interesting embryo about 8 mm. long in which this anomaly 
was present. This is the earliest embryo showing this type of anomaly, the only 
other one measuring 18 mm. If it is true that aberrant blood vessels cause this 
anomaly, one would expect a description of such blood vessels in the very complete 
paper by Ysander, and he makes no mention of any such anomalous vessels, but 
ascribes the formation to pressure by means of a large cardiac anlage. Cross- 
sections of the embryo shown in this photograph and those of the same age and a 
little later, well within the period within which this separation takes place, did 
not demonstrate to me any vessels that might possibly influence the development 
of such an anomaly at this stage or at a slightly later stage at which it must occur. 

Mackenzie reported a father all of whose children, from three wives, pre- 
sented this anomaly. This marked constancy of the malformation, and also 
Ysander’s interesting embryo, in which the malformation was discovered bilaterallj^ 
at this very early stage, seem to suggest that its development is due to an early 
fundamental change in the entoderm rather than to primary vascular changes. 

The most recent work on this subject has been done by the German investigators. 
Zausch, a pupil of Benecke, advanced Benecke’s mechanical theory of the develop- 
ment of the malformation, and a little later work was done by Schmitz and also 
by Ysander. Thej’- all had essentially the same idea, namely, that the anomaly 
resulted from pressure of a large cardiac anlage on this primitive esophageal tube. 
As was stated by Dr. Rascoff, this tube consists dorsally only of a thin layer of 
cells and ventrally of three or four layers of cells. They conceived of a large 
cardiac anlage pressing on this tube and effecting the greatest tension dorsally. 
This causes either rupture or at least shifting of the cell mass at this site, resulting 
in atresia. 

These theories, while suggestive, are not borne out by study of embryos actually 
in this stage of development. First, the anlage of the heart not only is normally 
large, but, even more than is demonstrated in this figure, it is a definite distance 
from this tube. Second, the curvature which they speak of and represent diagram- 
matically as being very extensive simply does not exist. This slide shows an actual 
construction of the entoderm, and you see that there is very little curvature here. 
Third, it is difficult to see why pressure "ventrally in such a manner should cause 
a malformation of the esophagus and should leave the trachea, which is nearer 
to it, to develop apparently normally, as it does in every instance. Therefore, it 
appears that tension due to a large cardiac anlage is not the factor causing this 
anomaly. If one notices here, one sees that these arterial arches take a course 
ventral to the esophagus and meet the dorsal aortae laterally and only slightly 
dorsall 3 \ I bring this up to show that the position of these vessels, which are 
conceived to come down later, pursuing as they do a ventral course at the time the 
separation is taking place, makes it seem unlikely that they cause the malformation. 

Apparently, then, the anomaly is the result of a very early change. In one 
of the embrj’os of Dr. Streeter’s collection I followed the entoderm (which was 
later to give rise to the esophagus at the region of the separation of the trachea 
and which must be the center of the pathologic changes in these cases) back to 
the stage in which the neurenteric canal seemed to open into this region of the 
entoderm (demonstrating this diagram). Possibly this relationship might have 
something to do with this early change, but whether it does or not, the change is 
very probably an early one, possibly on a genetic basis, if Mackenzie’s citation 
is true, and not on the basis of primarj' cardiovascular changes. 
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I believe that arterial anomalies in this condition arc far more frequent than 
have been described. Probably they are not always observed. Such anomalies 
must represent vessels that have had an abnormal course laid down for them and 
are aberrant because of primary changes in this cntodermal system; they arc the 
result of this malformation rather than the cause of it. 

Mendel Jacobi: From the discussion I gather that the chief points of objec- 
tion to the interpretation as given by Dr. Rascoff are, first, that the vessel in 
question has no means of getting to the dorsal aorta behind the esophagus, as 
we noted in our diagram, and second, that at the stage in which the tracheo- 
esophageal separation takes place, the vessel is not in relation to this particular 
anlage. In answer to the first objection, our own specimen and those of Harris 
and Shcllshear and Anderson are sufficient to prove that the vessel is there. The 
exact embryologic explanation I cannot give, and I cannot see that embryologists 
are at all certain of the c.xact embryogencsis of all the vessels. In fact, in 
descriptions of the development of the various vessels, one regularly comes across 
tlie statement that aberrant capillary loops are freciuently present in the course 
of the vessels, and this in nearly ever}' vessel from which the numerous adult 
vascular anomalies may arise. This point I shall touch on in somewhat greater 
detail later. 

In connection with the second objection, that of the relation of the vessel to 
the anlage, I should like to call attention to the fact that these vessels do not 
start as definite vessels, but as a capillary plexus, from which the adult vessels 
apparently develop by marked enlargement of certain of these capillary vessels 
definitely, so that they become the future adult vessels, while the others of the 
original plexus atrophy. Such vessels have been described by Aeby, and after him, 
by Thoma, Ruge, Flint and Mall. They are not laid down haphazardly, but have 
a definite relation to the surrounding structures. Further, in the article from 
which Dr. Rosenthal shows his diagram, there is a statement by Congdon that in 
the interpretation of these vessels there is great difficulty in deciding at which 
stage it is to be considered a capillar 3 ’. Discussing the sixth and disputed fifth 
aortic arches, the precursors of the future primitive pulmonarj'^ artery and ductus 
arteriosus, he notes that in these arches, of all the arches, aberrant island loops of 
capillaries are most frequent and most persistent. All the pulmonary arches, 
whether full formed or not, lie in deep grooves in the caudal pharjmgeal complex 
(of Kingsbury) ; and at the stage of 35 somites, the fifth and sixth aortic arches 
have already formed. Congdon also described a downward extension of the pulmonic 
arches from the dorsal aorta, below this complex, while caudad from the aortic sac, 
he figured an elongated vessel extending backward beyond the level of the dorsal 
sprout to break up on the sides of the trachea. These vessels he described as 
well developed at the 5 mm. stage and as present before this, at a time when the 
lung bud anlage is still connected with the esophagus. 

From the aortic sac plexus, a secondary ple.xus extends along the under surface 
and side of the common tracheoesophageal mass. These plexuses meet to form the 
pulmonic arches. Further, of all the arches, the pulmonic arches have most fre- 
quently and most constantlj’’ variable capillary island loops in their course, and 
these are most persistent. Also their relation to the fourth arch is variable. This 
may be far or near, or may even arise by a common stem, depending on the size 
of the postpharyngeal complex. Under these circumstances it seems not incon- 
ceivable that one of the aberrant capillary loops may enlarge sufficient!}' to cause 
pressure on the adjacent anlage and hence the anomaly in question. 

This belief is given further support by the findings of Shaner. In 1921, he 
described in a turtle a .sixth aortic arch lying craniolateral to tlie pharyngeal 
complex. From this vessel a spur ran caudomedially to the usual position of the 
human pulmonic arch. Such a vessel would well correspond with the one described 
by us. 
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Alfred Plaot : The speakers have gone so deep into details that probably no 
one who has not worked particularly in this line can add any, but I would like 
to make a general remark. It is astonishing how constant the picture of this 
malformation is. If an anomalous blood vessel causes the malformation, we should 
expect it to be always the same, anomalous vessel and always in the same location 
and arrangement. Otherwise how shall we account for the constancy of the 
picture? Why do we never have separation of the esophagus and trachea in 
another way? Why do we always have this upper esophageal pouch and a con- 
nection of the lower part of the esophagus with the trachea? I saw one such 
malformation several years ago. I cannot claim that my examination was so 
careful as to exclude absolutely any anomaly of a blood vessel, but in view of 
the very early period in which the malformation must start, and in view of the 
one instance of familial occurrence, I would feel hesitant in ascribing this malforma- 
tion to mechanical pressure by an anomalous vessel. 

Mendel Jacobi : I would like to bring up two other points. To ascribe so 
constant a malformation to a genetic basis on the ground of the one instance 
recorded by Mackenzie seems a bit precarious, because we have only the adult 
embrj'os; we have not the stillborn and the earlier embryos similar, perhaps, to 
the 18 mm. embryo described by Dr. Rosenthal, which may not have shown the 
anomaly found in the children mentioned by Mackenzie. The anomaly that seems 
to be an hereditary characteristic may have been an accident. 

As far as the other point is concerned, I should like to point out that Congdon, 
in describing changes in vascular course and direction, not in this connection, but 
in connection with later embryos, makes the statement that these vessels may be 
very tortuous in the early embryonic stage, although in later adult form they are 
in a normal position and have left no evidence behind of their previous tortuosity. 
If one can carry the analogy a bit further, there may have been some such close 
vascular approximation, sufficient to cause cessation of the growth of the tracheo- 
esophageal anlage, the vessel later straightening as the body conformation assumed 
its mature form and leaving no trace of its previously tortuous course and proximity 
to the anlage. The tracheo-esophageal malformation has, however, already been 
formed. 

Serum and Plasma Bilirubin: A Comparative Study of One Hundred 
Cases. Herman Bolker and Mendel Jacobi. 

The study consisted of 100 consecutive and unselected simultaneous plasma and 
serum quantitative bilirubin determinations. The readings were subjected to 
statistical analysis. The results agreed exactly in over 70 per cent of the deter- 
minations. In the other 30 per cent, the average deviation of the differences in 
readings was of the same order as that of those obtained in quadruplicate deter- 
minations on the same specimens (five instances). These differences are within the 
range of experimental error and have no significance in clinical practice. It was 
shown that plasma and serum can be used interchangeably in such determinations. 
The time allowed for coupling to occur plays no part in the determinations. The 
results obtained corroborate experimentally the opinion of McNee and Keifer and 
refute the findings of Shay and Schloss. The results of the latter are critically 
reviewed. 

The Occurrence of Malignant Growth in Persons with Radioactive 
Deposits. Harrison S. Martland. 

For a number of years I have had the opportunity of following the clinical 
course of many of the original radium dial painters of the New Jersey plant in 
which occurred the occupational poisoning by radioactive substances in the watch 
dial industry first described by me and my associates in 1925. 

These girls over long periods of time had accidentally ingested minute amounts 
of insoluble radium and mesothorium sulphates owing to their habit of both licking 
and pointing the brushes in their mouths in the process of painting watch dials. 
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It was possible for a dial painter to swallow from 7 to 150 micrograms of radio- 
active substance per week, most of which was quickly eliminated by way of the 
intestinal tract. Small amounts, however, reached the blood stream and were 
deposited as colloidal particles of radium and mesothorium sulphate in the organs 
of the reticulo-endothelial system, over 98 per cent being finally deposited in the 
bones. These skeletal deposits were similar in distribution to those of lead in 
industrial lead poisoning. 

These deposits in the bones continually emitted, througbout the girls’ lives, 
their characteristic rays, over 95 per cent of which were alpha. The small amount 
of beta and gamma rays was practically negligible. Thus, this was the first time 
that attention was called to the fact that human beings had been exposed to internal 
bombardment by alpha rays. The effects of internal alpha radiation are quite 
different and distinctlj’ more irritative on the bones and blood-forming centers 
than those due to any form of external penetrative radiation. 

The alpha particle — a double-charged helium nucleus expelled from the radium 
atom at a velocity approaching 80,000 miles per second — is one of the most 
potent and destructive agents known to science. Its disruptive effect is due to 
molecular collision and resulting ionization. This produces in the bone marrow 
an intense stimulative and compensator}’ hyi)erplasia, quite unlike, and more intense 
than that seen in any other disease. This I called the first stage of 'radiation 
osteitis. The marrow was dark red at autopsy and on histologic examination had 
the appearance of panmyelosis with very primitive stem cells. The ability to form 
cells of the granulocyte series had been lost, e.xcept for tbe production of enormous 
numbers of eosinophil myelocytes. The red cell production was greatly curtailed 
and was of the megaloblastic or embryonal type. Megakaryocytes were abundant. 

This hyperplastic marrow was gradually replaced in various areas over the 
skeleton by very cellular fibroblastic tissue, which in many areas histologically 
mimicked sarcoma, there being abundant mitosis and hyperchromatism. This was 
designated as the second stage of radiation osteitis. 

Finally, the marrow may become almost entirely replaced by old, acellular 
fibroblastic tissue with considerable decalcification of bone. This was interpreted 
as the final or healing stage of the radiation osteitis seen in these cases. 

Many of the girls who showed the largest amounts of radioactivity, the radio- 
active substances being estimated at from 30 to 50 to 180 micrograms in their 
skeletons, died, usually from extensive necrosis of the jaws or from anemia or 
from a combination of both diseases, from one to five years after leaving their work 
as dial painters. The necrosis of the jaws was due to bacterial infection from the 
mouth superimposed on a preexisting radiation osteitis. The anemia was usually 
of the pseudo-aplastic type, the blood during life showing an anisocytosis with many 
macrocytes and a leukopenia with a tendency toward an agranulocytic blood picture. 
The hemorrhagic diathesis was not marked, as the blood platelets were usually not 
greatly diminished in number. 

Following these early cases, no more girls died for some time. Occasionally, 
however, a former dial painter, who may have enjoyed several years of apparently 
good health, reported, presenting crippling and deforming lesions of the bones such 
as coxa vara, deformities of the spine, etc. Examination of these girls during life 
showed that their bodies contained from 10 to 20 micrograms of radioactive sub- 
stances — chiefly radium, since most of the mesothorium had decayed to half 
strength by that time. 

These so-called late cases of radiation osteitis were followed with startling 
results. The intense osteitis caused by years of irritative irradiation by the alpha 
particle had been transformed in a number of cases into sarcoma. Osteogenic 
sarcoma appeared in dial painters who had stopped work from six to eight to ten 
years previously. The sarcoma developed in the very cellular areas of replacement 
fibrosis. 

I have now performed autopsies in four cases of osteogenic sarcoma among 
seventeen of the former dial painters whose death were due to the so-called radium 
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poisoning. This is an incidence of nearly 25 per cent. The sarcomas usually 
were rapidly growing and of the anaplastic or embryonal type. New bone formation 
was seen in all cases, but was often A^ery slight. In one case there were two 
primary sarcomas, one in the orbit and another in the pelvis. 

Further, three of the former dial painters with osteogenic sarcoma are now 
dying. The growths are in the femur, pelvis and rib. (Two of these were dead, 
June, 1931). 

The development of sarcoma is suspected, but not yet proved, in three other 
dial painters. 

This is the first time that definite proof is offered of minute amounts of radio- 
active substances causing cancer in the human body. This should not be confused 
with the development of epidermoid cancer, etc., in radium and x-ray burns pro- 
duced by external penetratiA'e, noncumulative radiation. 

This is the first time that a definite cause for sarcoma of the bone is established 
aside from the time-worn and honored trauma, chronic irritation, etc. 

The osteogenic sarcomas in the radium dial painters undoubtedly develop in 
areas that have previously been the seat of a radiation osteitis. In addition, one 
has also to consider the possibility that the alpha particle may have a more direct 
action in producing malignant growth by speeding up somatic cell division as a 
result of its destructive ionization. 

It may be possible that the high incidence of carcinoma of the lung in the 
workers in the cobalt mines of Schneeberg (Saxony) and in the pitchblende mines 
of Joachimsthal, both radioactive mines, is also due to the irritant effects of radio- 
activity, the malignant tumors in the miners resulting from the constant inhalation 
of small amounts of emanation and also possibly radioactive dust. 

It may be suggested that other forms of malignant growth are caused by still 
smaller amounts of radioactivity, working over longer periods of time, to which 
the human body, in its normal environment, is exposed, such amounts being too 
small to be recognized by present methods. These studies may also have an 
important part in the experimental production of maligant growth. 

DISCUSSION 

Paul Klemperer : I was impressed by one histologic feature of the slides. Of 
course, I cannot add anything to the elaborate discussion by Dr, Martland, to whom 
we are all indebted for his discovery, but I noticed that nearly all the tumors of 
the bone showed one type of immature cell. He mentioned only one tumor in which 
there were numerous cartilage cells present, which he designated as a chondro- 
sarcoma. In all the other tumors the prominent cell was a very immature cell 
which one could hardly classify among the mature types of bone cells. I do not 
know whether in these cases there is often bone or cartilage formation. If I am 
correct, it seems that all these tumors are characterized bj' a type of cell that we 
can call an immature mesenchymal cell, and since there is no question .that these 
tumors arise in locations where radium is accumulated, it seems as though these 
tumors arise from a direct stimulation of the immature mesenchj'me which persists 
throughout life in small amounts, but sufficient to take care of regeneration under 
normal conditions. If stimulated by some abnormal irritant, it may go on to 
proliferate and form tumors. I do not know if I understood Dr. Martland cor- 
rectly, as to whether he thinks that the tumors are subsequent to the radium 
osteitis, that the osteitis is first produced by the action of radium, and then, as a 
kind of excess proliferation, a tumor is formed, or whether he would agree that 
the radium may act primarily on the mesenchyme to form tumors. 

I would like to know whether there were any attempts made to determine the 
amount of radium in the bones that showed tumors and in those that did not show 
tumors, and if so, whether the bones with tumor showed more radium deposited 
than the other bones. 

I should like to ask further whether experiments have been done to produce 
tumors in animals by the action of radium. 



514 


ARCHIVES OF PATHOLOGY 


The point of my question is whether radium activates the growth of the 
mesenchyme. This is particularly interesting to me, because in my experience 
lymphosarcomas have changed their character biologically as well as histologically 
under persistent treatment by radiation. There were two cases reported by Baehr 
and Rosenthal, which were considered as representing a rather harmless disease 
of the lymph nodes, which responded very well under x-ray treatment, but which 
in the further course developed into lymphosarcomas composed of cells of a very 
immature type. A third case that it has been possible to follow for four and a 
half years has also shown this peculiar variation from the more mature type of 
lymphosarcoma into a young, immature type, which one would commonly call a 
reticulum cell lymphosarcoma. That is the reason why I am so interested in the 
question whether radium may activate the unripe mesenchyme, bringing it to 
proliferation, without giving the mesenchyme any chance to mature into one of 
the more ripe forms like fibroblasts. 

That seems to me to hold also for the peculiar regenerative changes in the 
bone marrow. I was impressed by the fact that a number of the nuclei shown in 
the slides showed the i)ecuHar j)ale appearance characteristic of the immature 
structures of the mesenchyme. 

I was surprised to hear that Dr. l^fartland believes that radium might not only 
activate the mesenchymal structures, but also bring to neoplastic proliferation the 
epithelial cells, as in the tumors of Scheeberg. From his experience it seems that 
only the mesenchyme is activated to form tumors, but tins might be due to the 
fact that the radium became deposited only in the bones. 1 wonder why in 
Saxony the radium should not become also deposited in tbe bones, and why 
there should not be a frequency of bone tumors; whether the radium is ingested 
or whether it gains entrance through the respiratory tract seems to me to make 
not a great deal of difference. 

Frederick B. Flinn (by invitation) : Speaking of the lesions of the skull 
bones, it seems rather strange that in Connecticut where there have been nineteen 
cases, twelve have shown these lesions. On autopsy it was found that the con- 
centration of radium in these areas was not increased over that in other parts of 
the skull. It looks like a physical effect, in which the finer particles are broken 
off from the bone and then absorbed. In Connecticut there have been two cases 
in which spontaneous fractures of the femur occurred. I have been impressed by 
the fact that in the cases that have developed lately most of the lesions have 
occurred in the pelvic region, and these cases may sooner or later show the sarcoma 
of which Dr. Martland has spoken. 

Speaking of animal experiments, rabbits have been treated with radium and 
mesothorium for a long period of time, and have shown lesions of the skull, as 
well as spontaneous fractures of the bones, but so far no sarcoma has developed — 
simply spontaneous fractures. 

Harrison S. Martland (closing the discussion) : Dr. Klemperer is quite 
right in his interpretation of the slides. The osteogenic sarcomas in the radium 
dial painters are usually of a very immature type. I have spoken of them as 
sarcomas of the embryonal or anaplastic type. In only one case have I encountered 
a mature sarcoma, in which good bone and cartilage had been laid down. 

In addition the hyperplastic bone marrow seen in these cases is of a very 
immature and primitive type. Aside from the production of eosinophil myelocytes, 
the marrow has lost the ability to form other cells of the granulocyte series. The 
marrow is packed with the most primitive stem cells. 

This irritative, stimulative and compensatory marrow is directly due to the 
terrific effects of alpha bombardment. A very cellular replacement fibrosis takes 
place. Mitotic figures are numerous, and such areas can only with great difficulty 
be distinguished from sarcoma. The sarcomas arise in these areas on a chronic 
irritative inflammatory basis. In addition, as Dr. Klemperer has suggested, we 
have to consider a more direct effect of radiation in speeding up somatic cell 
division. Perhaps both play a part. 
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We have been unable to determine that the bones containing the sarcomas had 
more radioactivity than did other bones of the skeleton. The studies seem to 
indicate that the radioactive substances are scattered rather evenly over the 
skeleton in much the same manner as lead or arsenic. Autophotographs made from 
the bones by means of their own radiations, however, show that the distribution is 
by no means even. I think this is on account of the marked architectural difference 
in many of the bones. Some have more cancellous tissue than others and would 
more easilj' pick up radioactive substances from the blood. 

It would seem that experimental tumors could be produced in animals by 
internal alpha bombardment, if the conditions encountered in the dial painters could 
be duplicated. I believe that this is possible, although I have not as yet tried to 
produce tumors by means of radioactive substances. 

If the pulmonary carcinomas in the miners of Schneeberg and Joachimsthal are 
due to radioactivity, they are probably produced by the inhalation of emanation or 
of radioactive dust or of both. If emanation is inhaled, the bronchi and alveoli 
would be directly exposed to alpha bombardment. Active deposit would also 
collect on the mucosa. Regarding radon, these deposits, although infinitely small, 
are sometimes long-lived, and would eventually reach the blood and be deposited 
in other organs. The amounts, however, would be so small that it is unlikely that 
bone sarcoma would ever develop. 
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Lehrbucii der spezieelex pathoeogischex Axatomie pur Studierende 

UNO Aerzte. Band 1. By Dr. Eduard Kauf.maxx, 6. Professor der 

allgemeinen Pathologic und pathologisclien Anatomic an der Universitat 

Gottingen, Geheimer Mcdizinalrat. Ninth-tcntli edition. Price, 55 marks. 

Pp. 990, with 509 illustrations. Berlin: W. dc Gruyter and Companj', 1931. 

It is a delightful surprise to have this textbook, known for so many years as 
the "Bible of pathological anatomy,” so completely rewritten. It is apparent- that 
the task has been one of the chief interests of Professor Kaufmann since his retire- 
ment in 1928 from academic duties. There are many indications that the labor 
must have afforded him a great deal of sober enjoyment and satisfaction; for 
example, his continued painstaking interest in the use of numerous small expedients 
facilitating instruction : changes in type to attract attention, improved captions and 
subdivisions of information, and elaborate legends for sixty-eight added illustrations. 
The new illustrations conform to the old. They are simple and designed to teach. 
Among portions entirely new or extensively revised arc those devoted to angina 
pectoris, blood grouping, allergic phenomena, eclampsia, esophageal spasm, endo- 
metriosis and sedimentation of erythrocytes. The author has thought proper to 
mention these changes in the preface, but there is scarcely a page without some 
embellishment, many being merely references to the recent literature. There are 
no long bibliographies, but instead, citation to places where the literature has been 
adequately reviewed. In this first volume alone there arc more than 7,500 new 
citations, among them the names of many Americans. There probably would be 
more notice of both American and Canadian investigations if Professor Kaufmann’s 
name was more generally included in reprint mailing lists. The brief anecdotes 
of personal observations have also been increased. Ever since the first edition 
appeared in 1890, medical literature has been permeated with citations to these case 
reports by Kaufmann. To supplement them once more, and also to obtain other 
material for this revision, he has ransacked the institutes where he formerly taught 
at Breslau, Basel and Gottingen. 

Some of the descriptions of pulmonary tuberculosis, rheumatic myocarditis, 
endocarditis lenta, botulism and main- diseases of the liver, bile ducts, gallbladder, 
thyroid and parathyroid glands have been so modernized that they are, so to say, 
up to the minute ; others make their debut in an agreeable fashion and a propitious 
setting. Opportune and welcome arc mild designations to appl}' to the accounts in 
different chapters of damage to organs by therapeutic radiation, for, unfortunatelj", 
as is too frequently the case. 4ragic clinical experiences with such treatments 
preceded animal experimentation. The rapid advance of knowledge of tumors 
during the period of nearly a decade since the last German edition was published 
has required many alterations in descriptions of neoplasms involving the organs 
and other important structures considered in this volume.' Kaufmann has always 
been vigilant concerning tumors, a solicitude due possibly in some degree to the 
course on this subject he gave so many years for practitioners. Presumably expan- 
sion in these and innumerable other particulars brought about omission from this 
volume, of the final two chapters on diseases of bones and joints in volume 1 of the 
last edition. Even with this change, a liberal use of smaller type has been resorted 
to in order to retain the former size of this volume. It contains only four chapters, 
in which are presented the pathology of the organs of circulation; of the blood, 
lymph and blood-forming organs ; of the respiratory organs, th}'^mus, thyroid and 
parathyroid glands, and, in the final chapter, of the alimentary canal, peritoneum, 
liver, biliary apparatus and pancreas. 

Approving or belauding this work to experienced pathologists is certainly 
uncalled for. Medical students, however, and the j'ounger generation of investi- • 
gators and teachers in pathology maj' perhaps be reminded of the even, high, 
informative value it has, that it is the outgrowth of a rich background of expe- 
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rience, the product of an able scholar who has exhibited unusual and critical 
intelligence in maintaining for the textbook the place it has enjoyed so long as an 
authority of the first rank. The reception given this ninth and tenth edition will 
certainly be followed by a widely echoed hope that the author may be privileged 
to supervise the preparation of many other future editions. 

Resistance to Infectious Diseases : An Exposition of the Biological 
Phenomena Undeklying the Occurrence of Infection and the 
Recovery of the Animal Body from Infectious Disease, with a 
Consideration of the Principles Underlying Specific Diagnosis and 
Therapeutic Measures. By Hans Zinsser, M.D., Professor of Bac- 
teriology and Immunity, Medical School, Harvard University; formerly Pro- 
fessor of Bacteriology at the College of Physicians and Surgeons, Columbia 
University, and Bacteriologist to the Presbyterian Hospital, New York; 
formerly Professor of Bacteriology and Immunity, Stanford University, 
California. Fourth edition, completely revised and reset. Price, $7. Pp. 651. 
New York: The Macmillan Company, 1931. 

This book, now in its fourth edition, “completely revised” and provided with 
a new name, appeared first in 1914 under the title of “Infection and Resistance.” 
There are two sections: (1) general principles of infection and resistance and (2) 
special problems of immunologj' and consideration of individual infectious diseases. 
Since the edition published in 1924, the progress of research has changed the outlook 
in immunology in important respects. The advances in knowledge of the chemistry 
of antigens and of the mechanisms of antigen-antibody reactions receive due con- 
sideration in the present revision. One wonders why both in the text and in 
the index Landsteiner’s term for that important factor, the partial antigen, is spelled 
“haptene” in some places and “haptine” in others. The alteration in antigenic 
properties of bacteria in the course of dissociation is considered in connection with 
certain infections, but any one who may wish to consult the book on that point 
will not receive help from the index, which contains no reference to dissociation 
or mutation. The interesting immunologic problems of tularemia and undulant 
fever do not appear to have received any consideration, and these diseases are not 
mentioned in the index. The suggestion that the toxins of erysipelas and of 
scarlet fever may be identical is not in accord with the results of the best recent 
investigations of that question. 

On page 618 occurs this statement: “Force (1914) has described an immediate 
reaction after revaccination, which he believes occurs only in individuals in whom 
immunity exists. In such persons an areola occurs around the vaccinated spot 
within twenty-four hours which decreases within seventy-two hours.” This reaction 
was observed and correctly interpreted b 3 ' Jenner, described at great length by 
James Brjxe in 1802, and rediscovered independently by Pirquet and no doubt by 
others also. The index could have been much better. The few illustrations are 
too crude to be of any value. Judging from the references, which do not follow 
any standard style, much more detailed consideration has been given to the earlier 
than to the more recent literature. This does not necessarily mean that recent 
contributions have been neglected, because it maj-^ indicate merely a different, 
more condensed form of presentation. 

While the book suffers from omissions, from patchr^ and perhaps hasty revision 
and from other obvious shortcomings, the discussions of certain large problems 
in immunology are comprehensive and stimulating. This is illustrated especially 
in the chapters on anapliylaxis. Here the able author reveals his best strength. 

Noguchi. By Gustav Eckstein. Price, §5. Pp. xiii and 419, with a portrait 
and several illustrations from photographs. New York: Harper and Brothers 
1931. 

Good biographies are rare, good medical biographies almost unknown, where- 
fore the advice to read this one. To pathologists and bacteriologists who know 
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their fields there is no purpose in restating the facts of the life of Noguchi or his 
accomplishments. They will read this volume because it brings much more — the 
human side of a scientific worker, the story of his weaknesses and his strengths, 
the illustration in one man of what many are striving to be. 

The public cherishes its physicians because it still believes them to be the best 
carriers of certain ideals and their lives romantic. Eckstein’s biography will do 
much to fortify this faith. He puts in print the handicaps, the ambitions, the toil, 
the self-sacrifice of Noguchi and finishes the romance of his life with his death 
from yellow fever (tliere is no romance, as William James has it, without the 
possibility of sudden and violent death). Such a tale in the real of a contemporary 
worker in medicine will do much to reestablish in the public mind its old imagining 
of the profession’s life. 

Noguchi was born Japanese, lived American and worked internationally. The 
resultant emotional reactions arc splendidlj' i)ortraycd. Perfect adjustments to new 
environments were not made even by Noguchi, hut what he accomplished in this 
direction was possible onl}’ in the cloak of medicine. 

If it is said that Eckstein will live because he had a good subject, it is equally 
true that another great character in medicine would have faded from consciousness 
had it not been for Eckstein. The dales, incidents, lionors, letters which constitute 
the ordinary mortuarial note cannot be strung together even as the newspaper men 
are wont to do and yield anything strong enough to hold together for a week. 
Eckstein uses these things, but they become the foundations of a soul afire. It 
could be done only by a man who knew Noguchi, his friends the world over, 
Japan in Japan and human drama no matter where played. As dentist, doctor, 
worker in the sciences basic to medicine, world traveler and, always, as writer, 
Eckstein brought to his task rare qualities. His volume c.xhibits them and would 
have been literature without its title. 

The style is staccato. It fits peculiarly well a recitation of the ways of life 
and the ways of work of Noguchi and blends perfectly with the literal transla- 
tions of the letters in the volume from the Japanese. Some will think that Eckstein 
adopted his style from this source, hut a knowledge of his other writings proves 
it his own. The world of medicine will feel proud that Noguchi belonged to it 
and that his biographer is a part of it. 

D 

Die Morphologie deu MissunjUNOEX des AIenschex und der Tiers. Ein 
Hand- und Leurruch fur Morpiiologen, Physiologen^ Praktische 
Aerzte und Studierende. Herausgegeben von Dr. Georg B. Gruber, 
o. 6. Professor der Pathologic an dcr Universitiit Gottingen. Unter Mitwirkung 
zahlreicher Fachgenossen, begriindet von Weil und Prof. Dr. Ernst Schwalbe. 
III. Teil : Die Einzclmissbildungen. XIV. Lieferung. 3. Abteilung. 5. 
Kapitel: Die Entwicklungsstorungcn der Hypophyse. Von Prof. Dr. E. J. 
Kraus, Prague. With 21 illustrations in text. 6. Kapitel : Missbildungen der 
Nebennieren. Von Dr. W. Pagel, Sommcrfeld-Osthavelland. With 20 illus- 
trations in text. 7. Kapitel : Die Missbildungen der Epiphyse des Gehirns. 
Von Dr. H. Wurm, Heidelberg. With 5 illustrations in text. Jena : Gustav 
Fischer, 1929. 

Previous parts of this great work dealing with the malformations of man and 
animals have been reviewed in the Archives (4:504, 1927; 8:571, 1929). The 
present section deals with developmental disturbances of the hypophysis, the supra- 
renal glands and the pineal body. An extensive bibliography is appended to each 
chapter. The numerous illustration.s, some in colors, are excellent. The subject 
matter in the chapter on the suprarenal glands may be cited as indicating the scope 
of the work in general : comparative anatomy, developmental history, agenesis, 
hypoplasia, hyperplasia and congenital hypertrophy, misplacements and accessor}' 
and aberrant suprarenal glands. There are full data on the size and weight of 
these organs. The reviewer would call particular attention to the discussion of 
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accessory and aberrant suprarenal glands. As has been said of previous sections, 
this treatise is of the utmost value as a reference book for pathologists and 
anatomists. 

Einfuhrung in die Medizin. By Dr. Henry E. Sigerist, Professor an der 
Universitat Leipzig. Price, 12.50 marks. Pp. 405. Leipzig: Georg Thieme, 
1931. 

The author is Sudhoff’s successor as professor of medical history in the 
University of Leipzig. He addresses himself especially to young persons about to 
begin the study of medicine. His object is to give them needed insight into the 
task ahead of them by means of a simple, yet comprehensive, conspectus of medi- 
cine as a whole on a historical or a developmental basis. There are seven chapters. 
The first deals with the structure and function — anatomy, physiology and' psychol- 
ogy — of normal man. The necessity for the physician to acquire a broad knowl- 
edge of man in all his relationships is stressed. The next four chapters discuss 
the patient and disease. The growth of the concept of disease, its course and 
causes are discussed with admirable clearness. Then there is a chapter on diag- 
nosis, healing and prevention. The last chapter is devoted to the doctor himself 
and his relation to society. 

The book is written in a remarkably clear, direct and effective style. Typo- 
graphically, the failure to indent the paragraphs may be confusing to the reader. 

The book is highly interesting and will be of great help to medical students 
at the beginning of their course. It is recommended to all who are interested 
in the development of medicine and especially to medical educators. Sigerist 
shows clearly that as the developmental relations of various subjects in the study 
of medicine come to be understood, the sense of discontinuity in the medical 
curriculum, especially in the first two or three years, tends to vanish. The book 
merits translation into English. 

•Y? 

William Stewart Halsted, Surgeon. By W. G. MAcCjdLLUM. Introduction 
by Dr. W. H. Welch. Price, §2.75. Pp. 246. Baltimore: Johns Hopkins 
Press, 1931. 

This book may be accepted as an authoritative biography of William S. Halsted, 
the first professor of surgery in the Johns Hopkins University. In his charac- 
teristically admirable introduction. Dr. William H. Welch, who was Dr. Halsted’s 
closest friend and probably knew him better than any one else, explains in detail 
why he can give the book his unqualified approyal. The book gives an interesting 
and adequate account of Halsted’s great achievements as teacher, surgeon and 
experimental investigator. It may be recalled that he was the first to produce 
local anesthesia by nerve blocking; that he developed an improved surgical technic 
ainled to secure a more ideal mode of healing; that rubber gloves were used first 
in his clinic ; that his operations for cancer of the breast and for hernia established 
new records of success in their respective fields ; that he conducted highly important 
experimental investigations, notably on the thyroid gland and on intestinal suture, 
and, finallj', that he developed a school of surgeons that so far is without parallel 
in this country. The account of these and other achievements in MacCallum’s book 
reproduces successfully original settings and is tinged with pleasant local colors. 
One is not confronted with a lifeless plaster image of Halsted. The outward 
facts of his life, strength of character, ideals and peculiarities are set forth clearly 
and vividly. An atmosphere of intimate certainty, of affectionate loyalty with 
complete candidness prevails. The book is good reading. It is a noteworthy 
addition to medical biography. 
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Die Epidemische Kinderlahmung. Von Prof, C. W, Jungeblut, Oberrc- 
gierungsrat Dr. E. Roeslc, Prof. Levadili, Privatdozent dc Rudder, Privatdozent 
A. Lichtenstein, Oberarzt Dr. P. Bamberger, Dr. R. \V. Fairbrotiier, Prof. H. 
Schlossberger und Prof. P. Pitzen. Price, unbound, 8 marks; bound, 10 marks. 
Pp. 132. Munich : Verlag der arztlichen Rundschau Otto Gmelin, 1931. 

Studies of Protection* Against Tuuercui.osis : Results with BCG 
Vaccine in Monkeys. B\- A. Stanlej' Griflith. !Mcdical Research Council, 
Special Report Series no. 152. Price, 9 pence, net. Pp. -19. London : His Maje- 
sty's Stationery Office, 1931, 

■ MSucina Fenni^vi Anno jMCMXXX. Edidit Societas l^Icdicorum Fen- 

nica Duodecim. Pp. lA. Helsinki: 1931. 

Medical Jurisprundence. By Alfred W. Herzog, Ph.B., A.M., AI.D,, 
Honorary Academician of the International Academy of Letters and Sciences. 
Price, $15, cloth. Pp, 1051. Indianapolis: Bobbs-Merrill Company, 1931. 

La culture des tissus en biologie experimentale. Par Emile C. Cra- 
cium, Maitre de Conferences a la Facultc de Medecine de Bucarest; Preface du 
Prof. G. Roussy. Price, 55 francs, Pp. 442, with 72 illustrations. Paris : Alasson 
et Cie, 1931. 

Physiopathologie de la tiiyroide diagnostic et traitement des 
Goitres. Par Lucien Dautrebande, dc la Fondation Reinc Elisabeth; Membre 
correspondant de I’Academie royale de Belgique. Price, 40 francs. Pp. 326, with 
36 illustrations. Paris: Masson et Cie, 1931. 

Myocardium in Yellow Fever. University of Toronto Studies : Patho- 
logical Series, no. 8. By Wraj' Lloj'd, Banting Fellow in the Department of 
Path61og3L. Pp. 172. Toronto: University of Toronto Press, 1931. 

Methods and Problems of Medical Education (Nineteenth Series). 
Medicine in the Division of Biological Sciences, University of Chicago. New 
York : The Rockefeller Foundation, 1931. 
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PERIARTERITIS NODOSA COMPLICATED BY FATAL 
INTRAPERICARDIAL PIEMORRHAGE 

REPORT OF A CASE * 

B. M. VANCE, M.D. 

AND 

J. E. GRAHAM, M.D. 

new YORK 

Periarteritis nodosa or polyarteritis nodosa is a more or less gen- 
eralized inflammation of the smaller arteries characterized at the begin- 
ning by acute degenerative and reactive changes in the vascular walls 
and later by the development of thi'ombosis, aneurysms and sclerosis. 
Clinically the symptomatology is protean, and a correct diagnosis dur- 
ing life is difficult. The prognosis is unfavorable ; most of the patients 
• die within a few months of the appearance of the symptoms. They 
either succumb to the toxemia resulting from extensive degenerative 
changes in the different organs and tissues or collapse suddenly from a 
fatal hemorrhage due to rupture of a small aneurysm. 

Since the first comprehensive description of periarteritis nodosa by 
Kussmaul and Maier ^ in 1866, about 150 cases in man have been 
described in the literature. The ages of the patients varied from 3 
months to 78 years, though the majority were in the third and fourth 
decades of life. Males were affected about four times as frequently 
as females (Arkin-). In addition, investigators have recorded cases 
of the condition in deer, cattle, swine and dogs (Nieberle^). 

The etiology has been the subject of much speculation. Some writers 
(Ferrari,^ Benda ® and Meyer,® for example) have held that the under- 
lying cause was weakness of the vascular walls induced by various toxic 
influences. Eppinger ‘ referred all the lesions to congenital deficiency 
of the arterial media. Other writers (Graf,® Schmorl ® and Verse ^®) 

* Submitted for publication, March 16, 1931. 

*From the Pathological Laboratorj^ and the First Medical and Surgical 
(Columbia) Dhdsions of Bellevue Hospital. 
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considered the disease to be a form of s^^philitic aortitis. Aschoft ’ - 
suggested rheumatic infection as a possible causative factor. Many 
investigators (Klotz/- Lamb/“ Jonas and Ophuls have isolated 
dilferent strains of pathogenic bacteria from cases of periarteritis 
nodosa, but such organisms have not filled adequately the role of an 
etiologic agent. All these theories have been found unsatisfactory and 
have been abandoned. 

At present, opinion is sharply divided between the theory of von 
Hann,^° who claimed that periarteritis nodosa is a disease entity caused 
by the action of a specific filtrable Aurus, and the theory of Spiro and 
Gruber,^® who claimed that the lesions are referable to the actions of 
many different noxious substances. Gruber is of the opinion that the 
arterial inflammation is a cellular reaction of the hyperergic type 
elicited by some toxin to which the tissues are sensitive. Unfortunately 
it is not possible to decide definitel}' at present on the correctness of 
these theories, as either one offers an equally good explanation of the 
pathologic changes encountered. 

The results obtained by experimental inoculation of animals have 
been contradictory. Harris and Friedrichs claimed that they had 
produced the disease in rabbits by inoculation with material from a 
case in man. Von Hann asserted that he had in a similar fashion 
infected guinea-pigs. On the other hand, the experiments of Kopp,'® 
Lemke,^^ Carling and Hicks,-’ Ophiils,^® Sacki,-® Otani and Klotz ’- 
showed negative results. Evidently the final word on the etiology of 
this condition must be left to the future. 

The arterial lesion in periarteritis nodosa may be characterized as 
primar)^ necrosis of the wall followed by an attempt on the part of 
the body to repair the damage. The series of changes that occur may 
be described most effectively by diAuding the process into four stages, 
as recommended by Arkin.- It must be kept in mind, however, that this 
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division is more or less artificial, and that in a particular case the 
different stages may not be separated from each other in a clearcut 
fashion. The four stages are: (1) the primary or degenerative stage, 
(2) the acute inflammatory stage, (3) the granulation tissue stage and 
(4) the scar tissue or healed stage. 

1. The primary stage is ushered in by acute coagulation necrosis of 
the media of the smaller arteries. The tissue immediately adjacent is 
filled with edematous fluid, and fibrin is deposited in the spaces. Poly- 
morphonuclear leukocytes and a few eosinophils invade the affected area. 
The intimal endothelium becomes more permeable than in normal con- 
ditions. It may be crowded into the lumen of the blood vessel by the 
exudate in the subintimal space. In this early stage the adventitia is, 
as a rule, not involved. 

There has been much discussion in the literature concerning which 
portion of the arterial wall is inflamed the earliest. As Gruber pointed 
out, however, the provocative agent reaches the vessel through the vasa 
vasorum, and the greatest reaction occurs in the layer of the wall that 
contains the most profuse supply of capillaries. In the larger vessels 
the outer layer of the media suffers the earliest, and in the smaller ves- 
sels the inner layer of the media is the first to be involved, because at 
these respective points the capillaries are the most abundant. In the 
arterioles, which lack vasa vasorum, the subendothelial layer shows the 
characteristic lesion, apparently because the causative agent attacks 
the vessel from the lumen. The location of the primary area of necrosis 
seems to depend on the size of the affected vessel. 

The degree of arterial involvement is variable in different cases. In 
some instances only a portion of the circumference may be affected ; in 
others a large annular segment may be inflamed. The number of arteries 
attacked also varies within wide limits. In case 1 described by Arkin," 
there was a periarteritis nodosa throughout the body, while in the case 
reported by Fishberg the arteries of the kidneys alone were affected. 
As a rule, however, most examples of the disease fall between these two 
extremes. 

It has been estimated by Gruber (cited by Carr that the vessels 
are involved in the following relative frequency : the renal arteries, 80 
per cent ; the coronary arteries, 70 per cent ; the hepatic arteries, 65 per 
cent; the arteries of the gastro-intestinal tract, 50 per cent; the pan- 
creatic arteries, 25 per cent; the mesenteric arteries, 30 per cent; the 
arteries of the muscles, 30 per cent; those of the peripheral nerves, 20 
per cent, and those of the brain, 8 per cent. 


25. Fishberg, A. M. : Virchows Arch. f. path. Anat. 240:483, 1923. 

26. Carr, J. G. : M. Clin. North America 13:1121, 1930. 
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2. In the acute inflammatory stage the media becomes completely 
necrotic, and the elastic tissue is destroyed. The vascular wall is infil- 
trated throughout by polymorphonuclear leukocytes, eosinophils, lym- 
phocytes and plasma cells. The process may extend to the surrounding 
tissues so that an inflammatory perivascular zone forms around the 
vessel. The inflammation is acute, but never acquires frankly suppura- 
tive characteristics. The adjacent veins may be included in the exudate 
because of their proximity, but rarely show any lesions comparable with 
the process in the arteries. Walter"" and Kountz,"® however, described 
a mesophlebitis in their cases. 

3. Sooner or later the polymorphonuclear leukocytes gradually dis- 
appear and are replaced by eosinophils, lymphocytes and plasma cells. 
At the same time granulation tissue wanders in from the adventitia, 
pervades the entire thickness of the vascular wall and even extends 
into the perivascular zone. The type of lesion at this stage indicates 
that the acute process has begun to subside and that repair is in progress. 

During the progress of stages 2 and 3, the process in the arterial 
wall shows a tendency to develop in two different ways. In some ves- 
sels, the subendothelial connective tissue is incited to proliferate by 
necrosis of the media. This encroaches on the lumen of the vessel and 
narrows it eccentrically or concentrically; in a few instances the artery 
may be obliterated either by the intimal lesion or by the formation of 
secondary thrombi. In other artei'ies, the wall is weakened by the 
inflammation and small aneurysmal dilatations are formed along the 
course of the vessel. Thrombi occur in such conditions. Ruptures of 
the aneurysms are common, and blood may be extravasated into the 
surrounding tissues. Occasionally the hemorrhage may take place in 
one of the large cavities of the body and be fatal. 

Generally the obliterating type of endarteritis and the small aneurys- 
mal dilatations occur in the same case, though the latter tend to pre- 
dominate. However, in some instances, aneurysms may be absent, 
and the arterial inflammation can be demonstrated only by microscopic 
examination (WohlwilP®). 

At necropsy the aneurysms may be found in any part of the body, 
but are observed characteristically as nodules, measuring from 2 to 20 
mm. in diameter, along the course of the coronary arteries, just under 
the pericardium, or as subperitoneal nodules along the insertions of 
the mesenteries to the various paids of the gastro-intestinal tract. They 
have been noticed in the peripheral nerves, in voluntary muscles, in the 
subcutaneous tissues and in the submucous layer of the stomach or of 
the intestines. In the solid viscera, as the liver and the kidneys, they 

27. Walter, H. : Frankfurt. Ztschr. f. Path. 25:306, 1921. 

28. Kountz, W. B. : Arch. Path. 10:55, 1930. 

29. Wohlwill, F. : Virchows Arch. f. path. Anat. 246:377, 1923. 
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are found in the connective tissue framework of the organ. Most of 
them are filled with thrombi of the bland type. 

The usual result of the arterial changes, whether the process is the 
obliterating endarteritis or the aneur3^smal dilatation, is to obstruct the 
vessel and hinder the supply of blood to the various viscera, so that 
areas of degeneration occur. As a consequence, multiple, bland, wedge- 
shaped infarcts occur in the liver and kidneys. Less often correspond- 
ing changes occur in the spleen, lung, heart, brain, gastro-intestinal tract, 
muscles, nerves, testicles and skin. In a few instances srnaller areas of 
degeneration, not obviously connected with the obstruction of the 
arteries, are seen and are attributed by some investigators to the direct 
action of the toxic agent on the tissues. 

The symptoms described in cases of periarteritis nodosa are refer- 
able to the toxic action of the causative agent and to the pathologic 
lesions in the arteries and viscei'a. In the first stage the disease may be 
latent or at most disclosed by a rise of temperature. During the sec- 
ond stage, when the arteries are inflamed, the signs of an acute infection 
make their appearance, such as continuous or intermittent fever, chills, 
polymorphonuclear leukocytosis and secondary anemia. Enlargement of 
the lymph nodes and of the spleen may occur. 

When the second stage becomes well developed and the various 
organs are affected in different degrees, the symptoms become diverse. 
In some instances the predominant manifestations are those of renal 
insufficiency. In others the signs are those of circulatory failure. In 
still others there is great abdominal pain with severe attacks of jaundice, 
diarrhea, vomiting and the like. A fourth type is marked by the appear- 
ance of muscular pains and paralyses and, in general, all the stigmas of 
peripheral neuritis and myositis. Occasionally all of these different 
symptoms may be combined in the same patient. 

The clinical picture as a rule is so variable that the diagnosis during 
life is often impossible. Some writers believe that different combina- 
tions of signs are suggestive of periarteritis nodosa. Meyer,^® for 
example, favored the association of chlorotic marasmus, polyneuritis or 
polymyositis and severe gastro-intestinal symptoms as a characteristic 
syndrome. However, the disease can be identified during life only if 
some of the affected tissue is excised and subjected to microscopic 
examination. The diagnosis was made in the cases reported by von 
Hann,’^® Benedict,^^ Kopp and Schmorl ® through the removal of a 
subcutaneous nodule, and in the case reported by Manges and Baehr 
by the excision of an abdominal nodule during the course of a 
laparotom3^ 

30. Meyer, P. S.; Berl. kliii. Wchnschr. 58:483, 1921. 

31. Benedict: Ztschr. f. klin. Med. 64:405, 1907. 

•32. ISIanges, M., and Baehr, G. : Am. J. M. Sc. 162:162, 1921. 
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In general, the prognosis of periarteritis nodosa is unfavorable and 
most of the patients die at some point during the second and third 
stages. Gruber places the average length of life at from seven to 
nine months. Some patients have lived longer; the patient whose case 
was reported by Wohlwill lived twelve months, and the one whose 
case was reported by Spiro lasted one and a half years. Fishberg’s 
patient had a clinical history of six days, but the disease must have 
had a much longer period of latency. The typical course is for the 
patient to have periods of acute illness lasting a few days or weeks, 
alternating with periods of quiescence. The inference is that during 
the stage of exacerbation the inflammation is spreading to other arteries. 
This is confirmed by the histologic examination of material recovered at 
necropsy. It is not uncommon to find some arteries showing acute 
necrotic inflammation and others showing well developed chronic end- 
arteritis obliterans. 

Death may result from the progressive cachexia which is referable 
to the inflammatory changes in the arteries and the degenerative changes 
in the viscera, or it may follow a sudden profuse hemorrhage from one 
of the smaller aneurysms in some part of the body. Such hemorrhages 
have been described as occurring in the brain ( Dickson, Arkin^), in 
the lung (Sternberg in the intestine (Lowenberg in the abdomen 
(Klotz,^- Lemke and in the kidney (Schmidt, Harris and Fried- 
richs,^® Mertens,®® Walter,®" Fishberg®®). 

4. In some cases of periarteritis nodosa only a few arteries may be 
affected, and the process may not damage the important organs in a 
serious fashion. The acute inflammation then may subside, and the 
fourth stage or the stage of healing supervene. There is replacement 
of the injured vascular wall by scar tissue. This replacement occurs in 
three ways (Arkin ®) : One is by the continued proliferation of the 
subintimal connectiA'^e tissue and the new formation of elastic fibrils. 
The second is by the organization and canalization of thrombi. The 
third is by the formation of scar tissue in and around the artery, form- 
ing typical nodular perivascular mantles. These processes tend to pro- 
duce closure of the blood vessels, and degeneratiA'^e changes and fibroses 
develop in the kidne)'^s, liver, myocardium and other Auscera. The patient 
Avho has reached this stage may live for years or until the reserve capacity 
of the damaged organs fails. 

33. Dickson, W. E. C. : J. Path. & Pact. 12:31, 190S. 

34. Sternberg, C. : Wien. klin. Wchnschr. 38:729, 1925. 

35. Lowenberg, W. : Med. Klin. 19:207, 1923. 

36. Lemke, R. : VircboAvs Arch. f. path. Anat. 240:30, 1923. 

37. Schmidt, J. E. : Beitr. z. path. Anat. u. z. allg. Path. 43:455, 1908. 

38. Mertens, E. : Klin. Wchnschr. 1:1841, 1922. 



VANCE-GRAHAM— PERIARTERITIS NODOSA 


527 


REPORT OF CASE 

The case of periarteritis nodosa reported here was that of a patient 
who died of an unusual complication. 

A young Negro, aged 21, a plumber, was admitted to the First Medical Divi- 
sion of Bellevue Hospital, complaining of a severe pain in the midabdomen. He 
claimed that this pain started two weeks prior to admission, had been practically 
continuous since that time, and was most intense at night. It was so troublesome 
that he was afraid to eat for fear that the symptoms would increase. He had had 
one attack of vomiting about four or five days prior to admission. 

On admission, physical examination disclosed a well developed and well nour- 
ished young man, rather somnolent in appearance, with throat and tonsils 
moderately inflamed. The abdomen was tender, especially on the right side. The 
temperature was 102 F. The rest of the examination disclosed nothing of impor- 
tance. A tentative diagnosis of acute pharyngitis, acute gastro-enteritis and lead 
poisoning was made. 

After four days’ observation, the combination of symptoms led to the suspicion 
that there was an acute inflammatory process in the abdomen, such as cholecystitis 
or appendicitis. The patient was transferred to the wards of the First Surgical 
Division of Bellevue Hospital and an exploratory laparotomy was performed. At 
operation the peritoneal cavity was found to be normal. The abdominal wound 
was closed without further procedure and subsequently healed without com- 
plications. 

The patient’s symptoms, however, were not alleviated. The temperature con- 
tinued high, and on the ninth day after the operation there was a recurrence of the 
abdominal pain. In addition, the leukocyte count revealed 27,400 cells, of which 
90 per cent were polymorphonuclear leukocytes, 8 per cent lymphocytes, 1 per 
cent transitional cells and 1 per cent eosinophils. On the following day he had 
two convulsive seizures one hour apart. The tenderness on the right side of the 
abdomen was increased. 

On the twenty-sixth day after operation, the patient was returned to the medical 
ward in about the same condition. Two days later, he suddenly died in the midst 
of a general tonic convulsion with a cry and biting of the tongue. The length of 
the clinical course since the onset of symptoms was forty-six days. 

A blood culture taken on the sixteenth day after operation was negative. The 
Wassermann reaction of the blood was strongly positive (4 plus) ; that of the 
spinal fluid was negative. Examination of the urine two days before death 
showed only a sediment of pus and epithelial cells; fluoroscopic examination dis- 
closed a slightly enlarged cardiac and aortic shadow. The other tests did not 
show anything unusual. 

A positive diagnosis was not made, but it was believed that the patient was 
suffering from a generalized infectious process of unknown origin. 

Necropsy . — Necropsy was performed four days after death. The body was 
that of a young Negro, 5 feet, 10 inches in height, weighing about 135 pounds 
(61.2 Kg.). The frame was slender; the muscular development was fair, and the 
nutrition was poor. There was a recently healed scar from an operation in the 
upper midline of the abdomen, about 5 inches (12.7 cm.) in length. No other 
abnormalities were noted externally. 

On section, the abdomen showed some old, cobweb-like adhesions between the 
liver and the diaphragm and hyperplasia of the lymph nodes around the pancreas. 
The entire gastro-intestinal tract appeared normal on gross examination. 
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The liver was large, weighing 2,200 Gm. Multiple wedge-shaped anemic 
infarcts were scattered through the organ, especially under the capsule. They 
averaged from 4 cm. to 7 cm. in diameter and were yellowish. Some of the larger 
ones showed softening in the center, and the capsule immediately adjacent was 
thickened and covered with a rough, fibrinous deposit. The capsule of Glisson 
was increased in thickness Some of the hepatic arteries were filled with grayish- 
red thrombi (fig. 1). 

The spleen weighed 200 Gm and was normal in size and appearance, except for 
the presence of small grayish-yellow infarcts, measuring from 3 to 6 mm. in 
diameter, scattered here and there just under the capsule. 

The pancreas was normal, but the pancreatic artery showed small aneurysmal 
dilatations (from 6 to 10 mm. in diameter) that were filled with grayish-red 
thrombi. 





Fig. 1. — Segment of liver showing multiple infarcts. 

The suprarenal glands were normal. 

The kidneys together weighed 600 Gm. They were dull purplish brown, with 
a smooth outer surface. They were permeated with wedge-shaped anemic infarcts, 
from 3 cm. to 10 cm. in diameter, which were grayish yellow and situated just 
under the capsule. The vessels at the hilus of the kidneys were distended and 
filled with grayish-red thrombi. 

The bladder, prostate, testes, aorta, cervical organs, brain and lungs were 
normal in appearance. The peripheral nerves and the skeletal muscles were not 
examined. 

The bronchial lymph nodes were enlarged and matted together, and showed 
caseous tuberculosis. It is probable that these nodes pla}'ed a part in increasing the 
size of the aortic shadow in the fluoroscopic examination. 

The pericardial cavity was distended, and the heart was compressed by 300 Gm. 
of fluid blood and a blood clot. When the clot was removed, it was found to be 
attached to a bright red subepicardial nodule, 8 mm. in diameter, adjacent to the 
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descending branch of the left coronary artery, about 4 cm. distant from the aorta. 
This was found to be a small aneurysm of the coronary artery which had evidently 
ruptured, causing a fatal hemorrhage into the pericardial cavity. Unfortunately, 
the opening found in the nodule could not be identified with certainty as an ante- 
mortem rupture. Numerous other subepicardial aneurysms, from 5 to 20 mm. in 
diameter, were present, especially on the anterior surface of the heart, coming off 
from small branches of the coronary arteries, but not involving the main trunks. 
Section of the aneurysms disclosed the presence of gra}dsh-red thrombi. They 



Fig. 2. — Heart showing aneurysms of smaller branches of coronary arteries. 

gave the heart a lumpy appearance. The heart itself weighed 340 Gm. and was 
markedly contracted. It did not show an 3 "thing else unusual (fig. 2). 

Diagnosis . — The diagnosis made at necropsy was : periarteritis nodosa involving 
the arteries of the heart, liver, kidneys, spleen and pancreas ; Tupture of a small 
branch of the left coronar 3 ^ artery; hemorrhage into the pericardial cavity with 
compression of the heart; multiple infarcts of the liver, kidneys and spleen, and 
tuberculosis of the bronchial Ij-mph nodes. 

Histologic Obsci-vations . — The various tissues were fixed in formaldehj'de and 
embedded in celloidin, and sections were stained in hematoxylin and eosin, as a 
routine. A few sections were stained with van Gieson’s stain combined with 
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Weigert’s elastic tissue stain. A few were stained with Levaditi silver stain for 
spirochetes, but these organisms could not be found. 

The infarcts in the liver and kidney were demonstrated, on section, to be the 
usual type of anemic infarct. 
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Fig. 3. — Small artery of pancreas in stage of acute inflammation ; media 
necrotic and all lavers infiltrated with leukocvtes and other cells. 


The caseous areas in the bronchial lymph nodes were found to represent a 
chronic tuberculous process. Sections through the lymph nodes around the 
pancreas showed merely h'mphoid hjperplasia, probably the result of irritation. 
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The heart, liver, kidneys, pancreas, stomach, duodenum, mediastinum and 
epididymis were the seat of arterial inflammation. In other tissues, such as the 
aorta, lungs, central nervous system, skin and lymph nodes, lesions of this type 
were not found. 

The histologic picture presented by the inflamed arteries was typically that of 
periarteritis nodosa. Early lesions characteristic of stage 2 were found in the 
stomach and duodenum and could be demonstrated only on microscopic section. 
The affected arteries were located in the subperitoneal layer and the outer mus- 
cular layer, while the arteries in the mesentery and submucous layer were normal. 
The media of the inflamed vessel was swollen, fibrillar, necrotic and markedly 
eosinophil. It was infiltrated with polymorphonuclear leukocytes and with a 
smaller portion of eosinophils, ljunphocytes and plasma cells. The adventitia 
showed the same type of exudate and, in addition, numerous large ovoid cells 
were present ; this layer was widened to several times the normal thickness. The 
subintimal layer was infiltrated with polymorphonuclear leukocytes, and the endo- 
thelium was pushed into the lumen by the process. The elastic tissue in the 
artery was destroyed. Some of the arteries of the mediastinum, epididymis and 
pancreatic tissues showed the same process (fig. 3). 

In addition, an endarteritis obliterans suggesting the latter part of stage 3 was 
present in many small arteries of the epididymis, pancreas, heart, liver and kidneys. 
The lumen of the artery was narrowed and in some cases practically occluded by 
the proliferation of the fibrous tissue of the intima. The musculature was intact, 
and the elastic fibers were fairly well developed as a rule. The adventitia was 
normal, except in a few instances where there was a considerable deposit of 
brownish, granular, intracellular pigment. 

The aneurysms in the heart, liver and kidneys were large vessels containing 
bland, laminated thrombi. The cells of the muscular layer were fairly well pre- 
served, but areas of necrosis were found in the media here and there. The media 
and the adventitia were both extensively infiltrated with granulation tissue, poly- 
morphonuclear leukocytes and other inflammatory cells. 

The veins in the different sections w'ere not inflamed. 

In the heart and kidneys small collections of leukocytes were found without 
any apparent connection with the lesions in the blood vessels. In the tissues of 
the posterior mediastinum, many areas of infiltration by plasma cells were noted. 
It is possible that these lesions were caused by the toxemia. 

The spleen and one of the pericardial aneurysms were cultivated for bacteria, 
but the results were negative. 

SUMMARY 

An example of periarteritis nodosa in a young colored man, 21 
3 ’-ears of age, is depicted. The chief symptoms were severe abdominal 
pain, polymorphonuclear leukocytosis and a temperature of 102 F. A 
laparotomy was performed under the impression that the patient was 
suffering from an acute abdominal condition, but the peritoneal cavity 
was found to be normal. Subsequently the patient’s condition did not 
improve, and forty-six days after the onset of symptoms he died in the 
midst 'of a generalized convulsion. 

Necropsy disclosed multiple aneurysms of the coronary arteries and 
a hemorrhage into the pericardial cavity from the rupture of one of 
them. Aneurysms also were found in the arteries of the pancreas, liver, 
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kidneys and spleen. An acute necrotic arteritis and a chronic obliterat- 
ing arteritis without the formation of aneurysms were noted in the 
pancreas, mediastinum, epididymis and gastro-intestinal tract. Multiple 
infarcts were present in the liver, kidneys and spleen. The pathologic 
changes were typical of periarteritis nodosa and were sufficient to 
account for the clinical symptoms of the patient. 

The length of the clinical course was forty-six days — an apparently 
rapid course — but there is reason for believing that the arterial inflam- 
mation began long before the symptoms started. In some places the 
patient showed an acute necrotic ai'teritis of recent origin and in other 
areas an endarteritis obliterans of much longer duration. Evidently the 
different vessels were affected at different intervals. 



EFFECTS OF ULTRAVIOLET RAYS, RADIUM AND 
X-RAYS ON PROTEINS =*= 

MONA SPIEGEL-ADOLF, M.D. 

VIENNA, AUSTRIA, AND PHILADELPHIA 

The increasing use of ultraviolet rays, radium and x-rays as thera- 
peutic agents has awakened the interest of the scientific world in the 
changes that these same agents produce in the substances of the organ- 
ism. This is especially true with respect to what is probably the most 
important constituent of protoplasm, protein. 

The changes occurring in irradiated solutions of proteins may be 
considered from both the phj'sicochemical and the purely chemical 
points of view. Of these, the physicochemical point of view has proved 
especially satisfactory and fruitful when applied to colloids in general 
and to proteins in particular, as in the well known investigations of 
Hardy, Robertson and Pauli. The following studies on the effects of 
irradiation with rays of short wavelength on various types of protein 
solutions were made, therefore, with the aid chiefly of physicochemical 
methods. 

1. The effects of irradiation on a solution of protein depend on 
whether or not the particular protein is soluble in water and whether 
the solution contains an electrolyte or is electrolyte-free. Neglect of 
these factors probably accounts for the discordant results recorded 
in the literature. Only water-soluble proteins can, of course, be studied 
in an electrolyte-free condition. Irradiation of electrolyte-free solu- 
tions of serum albumin or of pseudoglobulin results in a denaturation 
and coagulation of the protein, as was first shown by Hardy’- for 
radium, by Dreyer and Hanssen ^ for ultraviolet rays and by myself ® 
for x-rays. In 1 per cent solution of albumin, the first sign of floccu- 
lation appears after ten minutes’ irradiation at a distance of 30 inches 

* Submitted for publication, March 9, 1931. 

* From the Department of Colloid Chemistry, Temple University Medical 
School, D. T. McCarthy Foundation, Philadelphia. 

* The experimental work referred to in this paper was partly carried out in the 
Institutes for Physiology and Medical Colloid Chemistry of the University of 
Vienna, Austria. 

* The author is indebted to Dr. Arthur G. Cole, of the University of Illinois, 
College of Medicine, for aid in the preparation of the English version of this paper. 

1. Hardy, W. B.: J. Physiol. 29:29, 1903. 

2. Dreyer, G., and Hanssen, O. : Compt. rend. Soc. de biol. 145:234, 1907.' 

3. Spiegel-Adolf, M. : Unpublished observations. 
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(76.2 cm.) from the mercury arc/ after nine hours’ irradiation with 
80 mg. of metallic radium ® or after exposure to at least 72 Holzknecht 
units of x-rays.® These data were obtained with sterile solutions of 
protein, since Spiegel-Adolf and Pollaczek ® showed that bacterial 
infection affects the time required and may even entirely prevent the 
flocculation of the protein. If, however, irradiation is continued on 
sterile solutions, precipitation of the protein results. It is necessary 
to point out, in connection with these experiments, that the electrolyte- 
free solutions of protein need not be at their iso-electric points in order 
to achieve these results. 

2. There is little information available concerning the nature of the 
chemical changes that proteins undergo during denaturation. The 
investigations of Harris indicated that denaturation is accompanied 
by oxidation. The amount of oxygen bound by the protein must, how- 
ever, be small, since coagulation by ultraviolet rays is observed in an 
atmosphere of nitrogen that contains only small amounts of oxygen.® 
Experiments made by Spiegel-Adolf and Fernau ® indicated that the 
nitrogen content of proteins is not changed by coagulation with radium. 
These results suggest the possibility that denaturation of proteins by 
various types of rays involves a physicochemical rather than a chemical 
change in the protein. 

3. In order to analyze the character of the denaturation produced 
by irradiation, it was compared with another type of denaturation that 
has been more extensively studied. In 1925, I showed that the 
denaturation of serum albumin by heat Avas, when carried out under 
certain specified conditions, reversible. Wells and LeAAUS preA'iously 
had reached a similar conclusion from their experiments on the sen- 
sitization of guinea-pigs to heat-coagulated protein. Besides this, some 
authors, as Emden,^® believe that the irrcA'-ersibility of certain colloidal 
changes bears a direct relationship to biologic age and death. It is 
therefore of considerable interest to compare proteins denatured by 
irradiation and by heat and to determine whether the changes in the 
protein produced b)'- irradiation are reA'^ersible or not. Experiments 

4. Spiegel-Adolf, M. : Strahlentherapie 89:367, 1928. 

5. Fernau, A., and Spiegel-Adolf, M. : Biochem. Ztschr. 204:14, 1929. 

6. Spiegel-Adolf, M., and Pollaczek, K. F. : Biochem. Ztschr. 214:175, 1929. 

7. Harris, D. T. : Biochem. J. 20:271, 280 and 288, 1926. 

8. Spiegel-Adolf, M. : Biochem. Ztschr. 197:197, 1928. 

9. Spiegel-Adolf, M., and Fernau, A. : Unpublished observations. 

10. Spiegel-Adolf, M. : Biochem. Ztschr, 170:126, 1926. 

11. Wells, H. G., and Lewis, J. H. : J. Biol. Chem. 59:3, 1924. 

12. Emden: Klin. Wchnschr. 8:1913, 1929. 
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carried out for this purpose showed that there was an important dif- 
ference between denaturation caused by heat and that due to irradi- 
ation. The latter proved to be an irreversible reaction when examined 
by the methods employed in the study of the denaturation due to heat. 
The results obtained were the same regardless of whether ultraviolet 
rays or radium had been used for the precipitation of the protein. In 
either case the precipitates formed exhibited properties that were dis- 
tinctly different from those of albumin precipitated by heat. 

4. If, instead of electrolyte-free solutions of proteins, solutions 
are used that contain small amounts of acid or of alkali, different effects 
are obtained by irradiation. In all of these experiments, the amount 
of irradiation is sufficient .to cause complete precipitation in an 
electrolyte-free solution of protein of the same concentration. Such 
solutions are completely denatured by irradiation even in the presence 
of electrolytes. In these cases, however, precipitation occurs only 
when the concentration of acid or alkali in the solution is too small to 
dissolve the denatured protein. (I was able to show that the acid-binding 
capacity of serum albumin was not affected by denaturation with the 
mercury arc. This means that the hydrogen ion concentrations of 
such solutions do not change under treatment with rays of short wave- 
length.) The same solutions exhibit a similar behavior when heated. 
Although irradiation may produce no visible change in solutions that 
contain sufficient acid or alkali, the fact that a change has taken place 
may be demonstrated in various ways. Removal of the acid or of the 
alkali by dialysis or electrodialysis results in a flocculation of both 
the heated and the irradiated protein. Although small differences in 
color and even in odor may be detected, it is difficult to demonstrate 
by chemicals methods that the protein has suffered any change. That 
such , changes have taken place may, however, be indicated by optical 
methods. 

5. Solutions of protein exhibit absorption bands in the ultraviolet 
region of the spectrum. The addition of small amounts of acid or 
alkali, sufficient to prevent coagulation of the protein during irradi- 
ation, does not affect these absorption spectrums. When, however, 
such solutions are exposed to the mercuiy arc or to the rays of radium, 
a marked increase in the absorption of light of short wavelength may 
be observed^® (figs. 1 and 2). These changes may be confirmed and 
demonstrated in a different way. For this purpose, Hausmann and 
Spiegel-Adolf made use of a small ring of glass fixed to a quartz 


13. Spiegel-Adolf, M., and Krumpel, O.: Biochem. Ztschr. 28:190, 1928. 

14. Hausmann, W., and Spiegel-Adolf, M.: Klin. Wclmschr. 6:2182, 1927. 
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plate and divided by a small piece of glass into two separate compart- 
ments. One of these compartments was filled with a solution of irradi- 
ated protein, while the other contained a nonirradiated control. The 
entire apparatus was then placed on the forearm of a man and exposed 
to the mercui'y arc for fifteen minutes. After this period, and for some 
hours afterward, the section of skin covered with the nonirradiated 
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Fig. 1. — Influence of ultraviolet rays on the absorption spectrums of solutions 
of protein (the concentration of protein is the same in all solutions) : (1) iron 
spark; (2) control acidified solution of serum albumin; (3) control alkaline 
solution of serum albumin; (4) irradiated acidified solution of serum albumin; 
(5) irradiated alkaline solution of serum albumin, and (6) nonirradiated, electrolyte- 
free solution of serum albumin. 
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Fig. 2. — ^Absorption curves of solutions of protein: (1) pure serum albumin; 
(2) irradiated acidified solution of serum albumin; (3) irradiated alkaline solu- 
tion of serum albumin; (4) control solution of alkaline serum albumin, and (5) 
control solution of acidified serum albumin. The ratios at the left represent the 
concentrations of protein; the numerals at the bottom, the wavelengths in milli- 
meters. 

protein showed a distinct erythema (fig. 3). That part of the skin 
covered by the irradiated protein showed either no change or only a 
very slight change, thus proving that irradiated proteins are less per- 
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meable to light of short wavelength than nonirradiated ones. These 
experiments have been repeated, with similar results, by various inves- 
tigators. It has even been suggested that the increased absorption of 
light by irradiated proteins may have some bearing on those cases in 
which, after repeated exposure to the mercury arc, the skin becomes 
insensitive to further exposure without any pigmentation having 
occurred. The same experiment was repeated, with use of cultures of 
bacteria and agar containing red blood corpuscles instead of the skin, 
with similar results. Together with Oshima,^® I was able to show by 
means of this method that the growth of various kinds of bacteria was 
arrested by rays of different wavelengths. 

It was shown by Lewis that the various serum proteins absorb 
different amounts of ultraviolet rays. The globulins exhibit the great- 



Fig. 3. — Effect of irradiation on the permeability of a solution of protein to 
ultraviolet rays: A, portion of skin covered by quartz alone; B, portion of skin 
beneath control solution of protein, and C, portion of skin beneath irradiated 
solution of protein. 

est absorption, while the albumins show the least. Pseudoglobulin 
exhibits an absorption intermediate between the other two. When 
these proteins are irradiated, however, these differences in absorption 
disappear almost completely, for the albumins exhibit the largest 
increase in absorption, while the globulins show the least.® This does 
not mean that irradiation transforms albumins into globulins, as occa- 
sionally indicated in the literature. It means merel}" that the albumins. 


15. Spiegel-Adolf, M., and Oshima, Z. ; Biochem. Ztschr. 208:32, 1929. 

16. Lewis, S. J. ; Proc. Roy. Soc., London 93:178, 1921-1922. 
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when irradiated, acquire some of the physicochemical properties of the 
globulins. They lose, either completely or in part, their solubility in 
water, and the colloidal character of their solutions changes from a 
hydrophilic to a hydrophobic one. They may be salted out of solution 
by smaller conceirtrations of salt in much the same way that the 
primarily hydrophobic globulins usually are. Proteins exposed to the 
rays of radium behave in exactly the same way ; i. e., they become more 
opaque to light of short wavelength (fig. 4). It may seem at first 
glance, that radium exerts a lesser effect on proteins than does the 



Fig. 5. — Influence of heat on absorption spectrums of concentrated solutions 
of proteins: (1) alkaline solution of serum albumin, boiled; (2) alkaline solution 
of serum albumin, unheated; (3) acid solution of serum albumin, boiled; (4) acid 
solution of serum albumin, unheated; (5) alkaline solution of egg albumin, boiled; 
(6) alkaline solution of egg albumin, unheated; (7) acid solution of egg albumin, 
boiled; (8) acid solution of egg albumin, unheated, and (9) empty cell. 



Fig. 6. — Influence of heat on absorption spectrums of dilute solutions of pro 
tein; (1) alkaline solution of serum albumin, unheated; (2) alkaline solution of 
serum albumin, boiled for fifteen minutes ; (3) alkaline solution of serum albumin, 
boiled for one hour; (4) acid solution of serum albumin, unheated; (5) acid solu- 
tion of serum albumin, boiled for fifteen minutes ; (6) acid solution of serum albu- 
min, boiled for one hour, and (9) empty cell. 

mercury arc. The exposure used in the case of radium was, however, 
not long enough to permit its effects to be compared quantitatively with 
those produced by ultraviolet rays. 


17. Spiegel-.'Xdolf, M.. and Krumpcl, O.: Biochem. Ztschr. 190:28, 1929. 
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It was indicated that the denaturation of electrolyte-free solutions 
of protein produced by heating differed from that caused by irradiation 
in that the former process was reversible. This criterion for differ- 
entiating between the two tyjDes of denaturation cannot be aijplied to 
proteins denatured in the presence of alkali, because, under these 
conditions, the heated protein also undergoes an irreversible change. 
Differences between alkaline solutions of protein denatured by heat 
and those denatured by irradiation may, however, be detected easily 
with the aid of the quartz spectrograph. It is observed (fig. 5) that 
with the same concentration of protein, there is no increase in absorp- 
tion produced by heating the solution. With higher dilutions of pro- 
tein, slight changes in absorption may be detected (fig. 6). These 
changes are not, however, at the same wavelength as before, and in 
some of the solutions there is no increase in absorption, but rather the 
reverse. Some of the solutions become even more permeable to light 
of short wavelength when heated.'" Solutions of heated protein can- 
not, therefore, be used to filter ultraviolet rays, as in the experiments 
with irradiated protein. In all of the experiments mentioned, the 
solutions of protein were heated for fifteen minutes at the temperature 
of boiling water. Increasing the time of heating to one hour had no 
effect on the results obtained. 

6. Since the results obtained by spectrographic examination are of 
considerable importance in the study of the constitution of chemical 
substances, it was considered worth while to seek other methods to 
check the results described. For this purpose I made use of another 
optical method. The optical rotation of the substance under exami- 
nation is measui'ed with light of several different wavelengths, and the 
results obtained are plotted on a diagram in which the abscissa repre- 
sents the square of the wavelength, and the ordinate the reciprocal 
of the specific rotation. For simple substances, it is found that the 
plotted values lie on a straight line that intersects the abscissa at a 
point that represents the wavelength of the chief absorption band of 
that particular substance. This method, used by Lowr}'^ and Dickson, 
is based on the equations of Drude. It was applied to solutions of 
proteins subjected to ultraviolet rays, radium and heat.'® It was 
found that the points of intersection of the various curves with the 
abscissa were not affected by the addition of sufficient alkali to prevent 
coagulation of the protein. This result is in accordance with the con- 
clusions drawn from the spectrogi'aphic inA'estigations. It was found, 
also, that heating the solution of protein had no effect on the inter- 

18. Spiegel-Adolf, M. : Biochem. Ztschr. 213:475, 1929. 
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section of its curve with the abscissa (fig. 7 ). The quotient between 
the specific rotations at certain specified wavelengths, known as the 
dispersion quotient/® remains at the value characteristic for the 
unheated solutions. Irradiated protein, on the other hand, exhibits an 
entirely different behavior. Although the curve of optical dispersion 
is still a straight line, it intersects the abscissa at a point that indicates 
a longer wavelength for the characteristic absorption, band. These 
results are in direct agreement with those obtained by spectrographic 
examination. The dispersion quotient reaches a value usually observed 
in ketones derived from amino-acids by oxidation. In the first experi- 
ments, the protein was denatured by ultraviolet rays. Further experi- 
ments on the effects of radium on the same protein led to practically 
the same results. 


« 

0,2 

0,1 


0,1 0,2 , 0,3 0,0 0,5 

Fig, 7. — Optical dispersion of heated and irradiated alkaline solution of pseudo- 
globulin : IX, control alkaline solution of pseudoglobulin ; X, alkaline solution of 
pseudoglobulin, heated, and XI, alkaline solution of pseudoglobulin, irradiated. 

7. Experiments were also carried out on the immunologic proper- 
ties of the heated and irradiated proteins.®® In the presence of sufficient 
acid to prevent coagulation of the protein, it was possible to show that 
solutions that had been heated gave precipitates with serums against 
the unheated protein, whereas solutions irradiated with the mercury 
arc failed to give any reactions. When heated proteins were used 
for immunization, the antiserums obtained also reacted with unheated 
protein. When irradiated proteins were used for immunization, how- 
ever, three out of four serums obtained failed to react with the 
untreated protein. 

[a]p 

19. The dispersion quotient is — 

IflJc 

20. Spiegel-Adolf, M., and Higuchi, S. : Unpublished observations. 
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8. The results of the investigations lead to two principal conclusions : 
First, as shown by means of the various independent methods, rays of 
short wavelengths produce effects on proteins that differ from those 
observed when the protein solutions are heated to 100 C. Second, 
various types of rays, such as ultraviolet rays, x-rays and radium, 
produce effects that are qualitatively, though not quantitatively, similar. 
These conclusions are applicable onl}^ to proteins. It was pointed out 
that coagulation of the protein results from a few minutes of irradia- 
tion with the mercui'y arc and that three hours’ exposure to x-rays 
(72 Holzknecht units) and nine hours’ exposure to 80 mg. of radium 
are required to produce the same results. This suggests that only a small 
part of the energy of the x-rays and of radium is active in the coagu- 
lation of the protein, whereas most of the ultraviolet rays are absorbed 
by the protein. This may be due to the fact that the principal absorp- 
tion bands of the solutions of proteins lie in this region of the spectrum. 
If, therefore, it were possible to convert part of the energy of radium 
and of x-ray radiations into ultraviolet rays, a possibilit}'- which is in 
accordance with Stokes’ law, the effects of these radiations on proteins 
should be intensified. For this purpose, I made use of the property 
of certain crystals to fluoresce in the ultraviolet region when irradiated 
by radium or x-rays. Salts of tungstic acid were not used because I 
wished to avoid the production of light of longer wavelength."^ The 
crystals used were enclosed in quartz tubes to avoid contact with the 
liquid. By means of this method, I was able to show that whereas 
proteins irradiated by x-rays and radium without ultraviolet fluores- 
cence exhibit no changes, the same proteins similarly treated in the 
presence of the fluorescent material are coagulated."" Similar experi- 
ments were also carried out with red blood corpuscles and with such 
living cells as Paramecium. The first changes in red blood corpuscles 
produced by irradiation with x-rays appear in one-fourth the time 
when a quartz tube containing the fluorescent crystals is immersed in 
the suspension. Paramecia, which cannot be killed by radium, or Avhich 
may be destroyed only with great difficulty, promptl}'’ died when irra- 
diated under these conditions. In the case of the red blood corpuscles, 
almost the same effects are produced when filtered x-rays are used, 
indicating that ultraviolet rays may be called forth in such places, as 
tissues, where it can not penetrate from the outside. Further investiga- 
tions are necessary to determine whether this method is of any thera- 
peutic value. I am at present studying its application to tumor tissues 
in mice. The well known results of ultraviolet rays in tuberculosis 
suggest an attempt in this direction. 

21. Perrine, J. O. : Physiol. Rev. 22:48, 1923, 

22. Spiegel-Adolf, M. : Klin Wchnschr. 9:1615, 1930. 
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Fairly well defined clinical syndromes are known to exist in association 
with malformations of the suprarenal gland, and since experimentally 
it is impossible to reproduce many of these, it becomes increas- 
ingly important to record those instances in which clinical findings may 
be correlated with postmortem observations in order that recognition of 
the syndromes may be expedited and insight into essential relationships 
deepened. The case submitted here is of exceptional clinical, as well as 
pathologic, interest. The patient, a person 26 years old, to all outward 
appearances a female, had not undergone the changes associated with 
puberty and had had for a known peidod of six 5fears a high blood pres- 
sure, which led to her sudden death from spontaneous intracerebral 
hemorrhage. Postmortem examination disclosed a remarkable degree 
of hyperplasia of suprarenal tissue associated with pseudohermaphrodi- 
tismus masculinus externus, marked cardiovascular changes and apparent 
absence of the pineal gland. 

REPORT OF CASE 

Clinical History .^ — The patient, a school teacher in the twenties, was a young 
person of unusual mental attainments, an excellent scholar, who was studying for 
the degree of Doctor of Philosophy in history. She was very nervous and exces- 
sively vivacious in her speech, but was not irritable. Although 6 feet tall 
(183.5 cm.), she was handsome, essentially feminine, not only in appearance, but 
also in her reactions to, and her relations with, her external environment. She was 
admitted to Barnes Hospital on April 23, 1923, during a fairly typical attack of 
appendicitis, several of which she had had before. No operation was performed. 
She gave a history of having had recurrent attacks of heart trouble with 
“dropsy” since her childhood. She stated that she menstruated once when she 
was IS years old, but had not done so since. The menses, she stated, were scanty 
and lasted one day. Subsequently she never had any monthly pain or cramplike 
sensations. She occasionally had nosebleed in childhood. Physical examination 

* Submitted for publication. May 11, 1931. 

* Read before the Chicago Pathological Society, April 13, 1931. 

*From the Department of Pathologj'- of the University of Chicago and the 
Illinois Central Hospital. 

1. The Barnes Hospital in St. Louis gave us access to the clinical record. 
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revealed a tall, fairly Avell nourished white woman who was very restless and 
fidgity. The skin was rather dry, and there was a marked absence of axillary and 
pubic hair. The breasts were very small and infantile. A soft systolic murmur, 
best heard at the apex of the heart, was not transmitted to the axilla. The apical 
impulse was in the fourth interspace 9 cm. from the midsternal line. The eye- 
grounds were normal. The blood pressure varied from 180 systolic and 140 
diastolic to 150 systolic and 98 diastolic. So much muscular resistance was 
encountered that accurate palpation of the pelvic organs was impossible. It was 
thought best not to disturb the patient further at the time, but to make pelvic 
examination under anesthesia should the need become urgent. A lateral stereo- 
scopic x-ray picture of the skull suggested an oxycephalic syndrome and increased 
intracranial pressure. There were albumin and hyaline and granular casts in the 
urine. There was some renal insufficiency. The blood chemistry was normal. 
The patient was discharged on May 4, 1923. On June 10, 1923, she reentered 
Barnes Hospital prior to a tonsillectomy which had been advised on her previous 
admission. The blood pressure varied from 195 systolic and 145 diastolic to 175 
systolic and 120 diastolic. On the second day following the operation an attack 
of gastric tetany developed. The blood pressure dropped to 100 systolic and 60 
diastolic, and uremic S 3 'mptoms appeared. The nonprotein nitrogen rose to 111 
mg., and the urine contained albumin and many hyaline and granular casts. The 
renal function showed marked impairment. Subsequently the uremic symptoms 
cleared, and the blood pressure rose. At the time of the patient’s discharge, on 
June 25, 1923, the blood pressure had risen to 155 systolic and 105 diastolic. 
During the following summer tlie patient had occasional severe Iieadaches. The 
hands and eyelids were swollen at times, especially in the mornings and evenings. 
She tired easily. On Sept. 10, 1923, she reentered Barnes Hospital for a ree-xami- 
nation. The renal function was improved, and tlie level of nonprotein nitrogen was 
lower. Following a series of tests the blood pressure rose to 210 systolic and 180 
diastolic, and the patient had a severe headache with nausea and vomiting. An elec- 
trocardiographic tracing showed no abnormalities. During the remainder of the 
patient’s stay in the hospital the blood pressure stayed constantlj' around 190 
systolic and 158 diastolic. The urine showed a trace of albumin and a few white 
blood cells and granular casts. The nervousness and excitability were apparently 
increased. The patient was discharged on Sept. 17, 1923. Later she refused 
treatment with ovarian extract for infantilism. Friends stated that she had severe 
headaches at frequent intervals. The clinical diagnosis at this time was chronic 
diffuse nephritis, hypertension, oxycephaljq hypogonadism and infantilism. In 
1928, the patient was acting as dean and teacher of history in a girl’s school and 
was under some strain about her work. Death came suddenly while she was in 
consultation with the head of her school. She slid down from her chair uncon- 
scious, but breathing, and died within a few minutes. 

Necropsy . — Necropsy was performed at the Illinois Central Hospital in 
Chicago. The examination disclosed a ■well developed, well nourished white 
woman, looking about 26 years of age, weighing 140 pounds (63.42 Kg.) and 
having a height of 6 feet, 1 inch (185.42 cm.). There was a slight amount of hair 
on the face, a few hairs on the labia, but no pubic hair. The external genitalia 
resembled those of a preadolescent girl. The breasts were poorly developed. On 
the right side a testicle, 2.5 cm. long and 1.1 cm. wide, with a rudimentary epididy- 
mis, lay in a sheath in the abdomen retrocecally (fig. 1). On the same side a 
vas deferens, 11 cm. long, apparently entered the wall of the bladder just posterior 
to the urethral attachment. At this point there was a small mass of solid tissue, 
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resembling muscle, measuring 2 by 2 by 0.6 cm., which was loosely attached to the 
wall of the bladder. No uterus or ovaries were present. The vagina was 3 cm. 
long and 1 cm. wide and ended blindly (fig. 2). There was a slight nodular thick- 
ening at the apex of the vagina which might correspond to the cervix uteri. A 
rudimentary round ligament was present. 

The suprarenal glands were greatly increased in size and together weighed 

46.5 Gm. The left suprarenal gland was in the normal position. It was 7 cm. 
long, 4 cm. wide, and from 0.5 to 1 cm. thick. The right was 8 cm. long, 

4.5 cm. wide and 1 cm. thick. At the lower pole of the right suprarenal gland 
there was a nodule that was dark reddish brown flecked with yellow. It measured 
2 cm. in length and 1 cm. in width. 



Fig. 1. — The preadolescent testicle and epididymis which lay behind the cecum. 
From it the vas deferens passes to end blindly in a mass of undifferentiated muscle 
tissue Ijdng behind the bladder in the usual site of the prostate. Note the very 
small size of the bladder. 


There was a marked hyperplasia of the intestinal lymphoid follicles and mesen- 
teric lymph nodes. The spleen weighed 380 Gm., and the germinal follicles were 
unusually prominent. 

The left kidney was about the normal size and was edematous. The cortex 
was slightly narrowed, and the markings were indistinct. The capsule stripped 
easily, leaving a smooth surface. The pelvis seemed normal. The right kidney 
was somewhat smaller, but similar to the left. The bladder was extremely small. 
It measured 4 cm. in its greatest external diameter, and the wall was 1 cm. thick, 
so that the cavity was extremely small. The urethral wall was greatly thickened. 

The liver weighed 2,420 Gm. and was a hand’s breadth below the costal margin. 
It was dark reddish brown. No other significant changes were noted in the 
abdominal cavity. 
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The heart weighed 430 Gm. The apex of the heart was made up entirely of 
the left ventricle. The left ventricular wall measured from 16 to 22 mm., and 
the right from 2 to S mm., in thickness. There were no valvular lesions, except 
for tiny wart}^ vegetations 'on the corpora arantii of the aortic cusps and on the 
mitral leaflets, which were otherwise smooth and shining. There were small 
atheromatous patches in the coronary arteries, wdiich were unobstructed. Small 
atheromatous patches were present on the arch of the aorta, and yellow and 
white atheromatous patches at the opening of the abdominal vessels. The aorta in 
its thoracic and abdominal portions was normal in size. 



Fig. 2. — Bladder and vagina. The greatly thickened wall of the bladder with 
its small cavity is seen above (A). Behind and below is the vas deferens (B), 
ending blindly in a mass of muscle tissue behind the bladder at the site of the 
prostate. The rudimentary vagina. lies open (C). 

There were marked bilateral pulmonary h 3 '^peremia and edema. The thj^roid 
gland weighed 27.5 Gm. and contained glistening colloid. The thymus gland was 
not mentioned. There were no other significant changes in the thorax. A gen- 
eralized arteriosclerosis was present. 

There was no evidence of external trauma to the skull. The brain was 
edematous ; the convolutions were flattened and the sulci narrowed. There were 
hemorrhages in the leptomeninges over the pons and extending down into the 
spinal canal. An extensive hemorrhage led on the right to a total interruption of 
the connection of the cortex with the internal capsule. Of the basal ganglions on 
the right, only a small medial part containing the anterior part of the internal 


HEALEY-GUY—PSEUDOHERMAPHRODITISMUS 


547 


capsule was present. The left basal ganglions showed flattening of the nucleus 
caudatus and an outward convex curve of the internal capsule. The basilar and 
vertebral arteries displayed an astounding degree of arteriosclerosis. The hypoph- 
ysis appeared grossly normal. The pineal gland was not definitely recognizable. 

The microscopic examination of the tissues revealed conditions as follows ; 

Suprarenal Glands : In sections stained with hematoxylin and eosin, the fibrous 
capsule of the suprarenal gland was not thickened. The zone glomerulosa was 
narrow and in places was entirely absent. In many regions the characteristic 
arrangement of this zone in spherical or oval groups of epithelial cells was lost, 
the epithelium being definitely compressed between the capsule and the hyper- 
plastic cells of the deeper cortical layers. Where not compressed, the epithelial 
cells of the zona glomerulosa were columnar. Their cytoplasm stained lightly 
with eosin and was somewhat granular, and the nuclei were rich in chromatin. 
In an occasional region, cells from the zone glomerulosa appeared to invade the 
capsular tissue immediately adjacent to the gland. The characteristic arrange- 
ment of the zona fasciculata and the zona reticularis in long columns and irregular 
anastomosing cords was, for the most part, lost, although an occasional sugges- 
tion of fascicular arrangement was present in the zona fasciculata. The epithe- 
lium consisted of large, irregularly arranged, polyhedral cells with an acidophilic 
cytoplasm and spheroidal, vesicular nuclei which varied somewhat in size and 
were less rich in chromatin than were those in the zona glomerulosa. Many of 
these cells had a distinctly foamy cytoplasm, and many others toward the inner 
layers of the cortex were heavily pigmented with a brownish granular pigment. 
There was an enormous diffuse hyperplasia of the epithelium of these two layers, 
which could not be distinguished one from the other. In an occasional region, 
there was a tendency toward encapsulation of small nodular groups of cortical 
epithelium by fibrous tissue. The cortical cells were seen to invade the glomerular 
zone, in regions crowding it aside and becoming adjacent to the capsule, at times 
invading this structure, and occasionally forming small extracapsular adenomatous 
nodules the substance of which was continuous with that of the gland. In regions 
this extra-capsular tissue was not limited by a capsule of its own, but infiltrated 
the adipose tissue (fig. 3). The medulla was likewise invaded by cortical epithe- 
lium, and in places islands of cortical tissue were present in the medulla. There 
was no apparent increase in connective tissue stroma or in vascularity. Regions 
of the suprarenal gland were distinctly vacuolated, being composed of signet ring 
cells resembling those of adipose tissue. There were occasional foci of lymphoid 
cells, the largest one of which contained many cells with large eosinophilic granules 
and an occasional mononuclear giant cell. Outside the capsule there were many 
circumscribed nodules of cortical tissue. In places these cells were seen to invade 
the adipose tissue, not being limited by a capsule. 

There was an extensive diffuse increase in medullary tissue, the cells of which 
were polyhedral or irregularly oval, and were arranged with marked irregularity. 
The nuclei were spherical or slightly ovoid, were somewhat vesicular, and con- 
tained a moderate amount of chromatin. The cytoplasm was somewhat basophilic 
and slightly granular. A few of the cells possessed foamy cj'toplasm and others 
contained brownish granular pigment. In regions there was a slight infiltration 
by the signet ring cells. The medullary tissue had a bizarre arrangement. In 
places the medulla was very narrow; in others it became irregularly widened. 
Some regions appeared as islands and streaks of cells completely surrounded by 
cortical tissue. In others the cortical cells were diffusely infiltrating the medullary 
tissue. The medullary stroma seemed normal in amount, and - there was no 
increase in vascularity. In sections stained with van Gieson’s connective tissue 
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stain, there appeared an increase in connective tissue in the occasional regions 
where there was an attempt at nodular arrangement and encapsulation of the 
cortical epithelium. In one region in the medulla, the stroma formed relatively 
heavy connective tissue strands. Aside from that in the region mentioned the 
connective tissue was not increased. 

Testis : In sections stained with hematoxylin and eosin, the testis was sur- 
rounded by a delicate fibrous tunica albuginea, which projected into the gland at 
one point, forming the mediastinum or hilus testis. The tubules appeared to have 
a definite fibrous tissue basement membrane, were small, and except for an occa- 
sional suggestion of a lumen were closely packed with epithelial cells resembling 



Fig. 3. — Suprarenal gland showing invasion of the adjacent adipose tissue by 
outgrowth of cells of the suprarenal cortex, infiltrating like neoplastic tissue, 
although the cells seem to be normal cortical cells; X 75. 


Sertoli cells of an embryonic testicle (fig. 4). Toward the capsule the tubules 
were most numerous, but were widely separated and irregularly scattered through- 
out the substance of the gland, which was made up almost entirely of large 
polygonal cells, the cell outlines of which were often indistinct (fig. 5). The 
nuclei were round or slightly oval and were pale and vesicular. The cytoplasm 
was more acidophilic than that of the tubular epithelium and was often finely 
vacuolated. The cells exhibited no pigmentation and resembled Leydig cells. In 
one region in a subcapsular position there was a small, circumscribed nodule 
apparently composed of closely packed tubules filled with a mass of cells having 
round or oval, hyperchromatic nuclei (fig. 4). The cell outlines could not be 
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distinguished; The van Gieson stain showed a fairlj’- heavy connective tissue 
stroma in the nodule. Throughout the substance of the gland the van Gieson 
stain demonstrated a stroma that was not appreciably increased in amount. Near 
the hilus of the gland there was a region where large vacuoles resembling fat 
cells were present in the substance of the gland. The epididymis was small and 
of infantile type, and occasionally a duct showed papillary epithelial proliferation. 
Mallory’s stain showed only a delicate collagenous reticulum around the blood 
vessels and tubules. The epididymis was widely separated from the capsule of 
the testis by loose areolar connective tissue. 



Fig. 4. — Testicle. The photomicrograph shows the general structure, with but 
few, undeveloped seminiferous tubules, a diffuse cellular intertubular growth 
and a nodule of undeveloped tubular structures ; X 75. 


Other Organs; The nodule at the base of the bladder consisted of a mass of 
spindle cells in poorly defined bundles resembling underdeveloped nonstriated 
muscle fibers. No glandular elements were seen, and there was nothing to indi- 
cate whether this was a rudimentary prostate or uterus. The vagina showed no 
histologic changes. 

The anterior lobe of the hypophysis showed a slight increase in connective 
tissue. The epithelial cords were often irregular in arrangement, sometimes 
apparently hypertrophied and containing more colloid than normal. 

Serial sections through a small mass of tissue occupying the site of the pineal 
gland failed to reveal any trace of pineal tissue. 
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In the region of the cerebral hemorrhage, only the usual infiltration by blood 
was seen, there being no other changes recognizable in a preparation stained with 
hematoxylin and eosin, except an occasional blood vessel surrounded by cells 
filled with brown pigment as if from a previous small hemorrhage. 

The thyroid gland showed no definite abnormalities. 

Peyer’s patches of the ileum exhibited tremendous hyperplasia, each follicle 
being greatly enlarged with a conspicuous germinal center. There was also a 



Fig. 5. — Testicle ; X 200. The photomicrograph shows the undeveloped state 
of the organ, which much resembles the testicle of an embryo in an early stage. 
The tubules are lined with cells resembling Sertoli cells. Between the tubules are 
sheets of cells resembling Leydig’s cells as seen in undeveloped testicles. 


diffuse lymphoid infiltration between the follicles. Otherwise the intestine was 
normal. The mesenteric lymph nodes showed marked lymphoid hyperplasia, 
giving rise to a picture that was distinctly “mulberry” in type. The spleen showed 
marked increase in the size of the malpighian bodies which had fetal characteristics. 
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The myocardium was somewhat hypertrophied, but otherwise showed no 
changes. The aorta showed thickening of the intima with but slight atheroma. 
The media was not changed. The arteries everywhere showed thickening of the 
intima without degenerative changes. 

The kidneys showed occasional small areas of localized atrophy and fibrosis 
beneath the capstile, which did not usually extend deeply into the cortex. Between 
these areas the renal tissue was approximately normal. No evidence of old or 
recent inflammatory changes was found in the glomeruli outside of these arterio- 



Fig. 6. — Ileum showing the great hyperplasia of the lymphoid tissue ; X 33. 

sclerotic scars. A few collecting tubules contained calcified masses, apparently 
calcified epithelium. The arterial walls were greatly thickened, the small arterioles 
being often almost occluded and their walls hj^alinized. These observations indi- 
cate that such renal changes as were present were the result of arteriosclerosis. 
There was no evidence of a primary glomerulonephritis. 

The urinary bladder was extremely small and showed an enormous hyper- 
trophy of the muscular coats, but otherwise appeared normal. The urethra was 
normal. 

The liver and the pancreas showed no significant changes. 




552 


ARCHIVES OF PATHOLOGY 


COMMENT 

Classification of Pseudohermaphroditism According to Klebs . — 
Neugebauer,- in his extensive monograph on pseudohermaiDhroditisin, 
uses the generally accepted classification of Klebs, recognizing pseudo- 
hermaphroditism of two types, the masculine in which the gonads are 
testicles, and the feminine in which they are ovaries. Both groups 
are further subdivided into tlie internal, external and complete types. 
External pseudohermaphroditism occurs when only the external geni- 
talia, internal when only the internal organs, and complete when both 
internal and external organs, are not properly developed. The case 
reported here is obviously one of pseudohermaphroditismus masculinus 
externus; that is, the gonad was the testicle and the external genitalia 
were feminine. This group is rarel}’’ found associated with hyper- 
plasias and neoplasms of the suprarenal cortex, by far the larger 
percentage of such associations belonging to the feminine pseudoher- 
maphroditic and suprarenal virilism group. It is significant that 
statistically approximately 15 per cent of all pseudohermaphrodites are 
estimated to have bilateral hyperplasia of the suprarenal cortex. 

Classification of Suprarenal Pseudohermaphroditism According to 
Gallais. — Largely through the correlation of clinical and postmortem 
observations it has become recognized tliat malformations of the supra- 
renal cortex have some definite relationship to anomalies of sexual 
development. Credit is given to Bullock and Sequeira ® for emphasizing 
this relationship, and although references to the probable relationship 
are to be found in the older literature, it is since their paper that a con- 
siderable literature has grown up about the subject. The clinical picture 
brought about in the presence of hyperplasia or tumor of the suprarenal 
cortex when related to sexual anomalies has been given by Gallais 
the name “le syndrome genito-surrenal,” and he has divided cases in 
which this syndrome appears into four groups based on the age of the 
person at the time of the appearance of the symptoms. 

Group I, “le pseudohermaphroditisme surrenal,” contains cases of 
true suprarenal pseudohermaphroditism, which are far more frequently 
of the feminine type, that is, the gonad is the ovary. Masculine pseudo- 
hermai^hroditism also occurs in this group, but is rare. 

Group II, “le virilisme surrenal,” embraces cases occurring after 
birth in the prepuberty period, leading to virilism. This condition is 

2. Neugebauer, F. L. : Hemaphroclitismus beim Menseben, Leipzig. W. 
Klinkhardt, 1908. 

3. Bullock, W., and Sequeira, J. H, : On the Relation of the Suprarenal 
Capsules to the Sexual Organs, Tr. Path. Soc. London 56:189, 1905. 

4. Gallais, Alfred ; Le syndrome genito-surrenal ; etude anatomo-clinique. 
These, Paris, 1912. 
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the most common and is found most frequently in girls. It gives rise 
in var3dng degrees to symptoms of abnormal development of the body 
with pubertas praecox (sexual precocity), obesity, hypertrichosis and 
hypertrophy of the clitoris, ^^d^en this condition occurs in boys, 
pubertas praecox and obesity are present together with an accentuated 
virilism. The sexual precocity may be distinguished from ovarian and 
pineal precocity by the heterosexual hair, and the adiposity from that 
of pituitary lesions (Froehlich’s syndrome) by the sexual precocity 
(Oppenheimer and Fishberg®). 

Group III, “la forme menstruelle,” includes cases occurring in 
women in adult life during the j^ears of menstrual activity. Women 
with this condition show amenorrhea, obesity, hypertrichosis of the 
masculine type, enlargement of the clitoris and a frequent change of 
attitude toward the male type. That this group is small is brought 
out in a recent paper of Crosbie and Smith ® concerning a woman 
who showed typical changes in secondary sex characteristics in relation 
to an adenoma of the suprarenal cortex. This case thej'^ believed to 
be only the third or fourth authentic instance on record in the Gallais 
third group, i. e., the adult in the child-bearing period. It is of great 
interest to note that removal of the tumor effected a reversion to 
the normal female habitus. More recently Bauer " reported the case 
of a woman 35 years of age apparently belonging to this group. Over 
a period of one and one-half years sl'.e gradually became more obese, 
began to show hypertrichosis, masculine in type, and had an associated 
amenorrhea. The sexual instinct disappeared. Gynecologic findings 
were normal. The blood pressure ranged from 175 to 185 systolic and 
was 110 diastolic. The woman was operated on for a suprarenal 
tumor, but none was found. After a short period of time she died, 
and autopsy revealed normal suprarenal glands with a narrow lipoid 
zone. The hypophysis was normal, and the kidneys showed slight 
arteriosclerosis (Bauer ^). Adult men seldom show the sexual and 
' somatic changes seen in children and in women. According to Rolles- 
ton ® there is only one authentic recorded case of feminism occurring 
in an adult man with a tumor of the suprarenal cortex. 

5. Oppenheimer, B. S., and Fishberg, A. : The Association of Hypertension 
with Suprarenal Tumors, Arch. Int. Med. 34:631, 1924. 

6. Crosbie, A. H., and Smith, L. W.: Primary Tumors of the Suprarenal 
Capsule with Especial Reference to Adrenal Virilism, J. Urol. 19:241, 1928. 

7. Bauer, Julius: Ueber function des gesamten Nebennieren system ohne 
anatomischen Befund, Wien. klin. Wchnschr. 43:582, 1930. 

8. Rolleston, Humphrey; The Manifestations of Primary Tumors of the 
Adrenals, West London M. J. 31:105, 1925. 
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Group IV, forme obstetricalle,” includes cases occurring during 
the period near and after the menopause. Here the clinical picture is 
indistinct. Adiposity is commonly present, and hypertrichosis may or 
may not manifest itself. 

As emphasized by von Gierke,® changes in the suprarenal glands 
are not uniform in the single groups, nor can specific changes be made 
out in connection with certain s)'mptoms. Likewise, all changes that 
have commonly been observed in connection with disturbed sexual 
der^elopment, hyperplasias, adenomas and hypernephromas, may also 
occur without malformations of the genital organs and clinical genital 
symptoms. Since, in certain instances, symptoms have disappeared with 
removal of the tumor, there is little room to doubt that morphologic 
changes in the suprarenal glands do at times and in some as yet unknown 
manner cause changes in the genital system. 

Influence of the Bisexual Character of the Ovary on Development 
of Pseudohermaphroditism. — While the determination of pseudoher- 
maphroditism is a very difficult problem, it is interesting to speculate 
on the possible influence of the bisexual character of the ovary on 
the de-\'elopment of such states. In origin and early development the 
ovary and the testis are identical. The medulla of the ovary develops 
from the primary sex cords arising from the germinal epithelium, and 
furnishes a complete homologue of the seminiferous tubules in the 
male. The ovarian cortex develops later from the cords of Pfliiger, 
for which the male gonad never forms normally any homologue. The 
bisexual potentialities of the ovary are well illustrated in the female 
bird, which is peculiar in that the left gonad alone matures to form 
the ovary, while the right gonad persists in a rudimentar}' state and to 
some extent in an embryonic condition. This situation was made the 
basis of significant investigations by Domm.^® If the left ovary is 
removed either in young or sexually mature fowls, the right rudimen- 
tary gland, in by far the largest number of instances, forms a testisdike 
body. At times an ovary or an ovotestis develops, such cases being 
regarded as evidence of accompanying formation of the ovarian cortex 
of the right gonad before the influence inhibitory to the right cortical 
development began to operate. On the left, if a small portion of 
medullary tissue remains at the time of removal of the gland, a testis- 
like body may develop from that residue; if a portion of cortical 
substance also remains, an ovary or ovotestis may be formed. There 
is a distinct masculinizing effect on the accessory organs of reproduc- 

9. von Gierke, E. ; Ueber Interrenalismus und interrenale Intoxikation, 
Verhandl. d. deutsch. path. Gesellsch. 33:449, 1928. 

10. Domm, L. V. ; New Experiments on Ovariotomy and the Problem of Sex 
Inversion in the Fowl, J. Exper. Zool. 48:31, 1927. 
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tion and other sexual characteristics in the presence of the testis-like 
gonad that forms from the rudimentary right gonad after removal of 
the left ovary. In an analysis of the biologic factors involved in this 
situation, Lillie stated, “with respect to endocrine organization the 
female thus appears essentially as an hermaphrodite in which the mascu- 
line component is never extinguished but merely quiescent.” To quote 
Lillie further, “the evidence for the bisexual character of the female 
is as conclusive for mammals as for birds, and, while the experimental 
evidence is not complete, points to the same conclusion that it is the 
female in mammals as well as in birds that possesses bisexual charac- 
teristics.” The sterile free martin in cattle studied extensively by 
Lillie is the female of two-sexed twins. It is zygotically a female, 
modified by receiving through anastomosis of blood vessels of the two 
placentae the sex hormone of the male twin, which, circulating in 
both individuals, results in producing an organism with male gonads 
and internal genitalia approaching the male type, but with female exter- 
nal genitalia. The cortex of the ovary does not develop in such a 
female, being suppressed by the male sex hormone. Lillie stated that 
here “a gonad with a primary female determination may form a struc- 
ture which is morphologically a testis through suppression of the cortex 
and overdevelopment of the medullary cords under the influence of 
the male sex hormone.” The resulting situation indicates that “sex in 
mammals cannot be diagnosed by character of gonads alone. The 
unexpected result is reached that the external genitalia and the mam- 
mary gland are more reliable criteria of female sex than the internal 
parts.” 

In a discussion of the present case. Dr. C. R. Moore suggested that 
the anatomic structure presented by the free martin is curiously like 
that of the masculine pseudohermaphrodite reported in this paper. The 
influence that may have brought about a suppression of the ovarian 
cortex in early fetal life is entirely speculative. It may be that the 
development of the suprarenal hyperplasia and the suppression of the 
ovarian cortex were conditioned by the same force. Mathias believed 
that the primary role in the genital maldevelopment belongs to the 
suprarenal cortex and calls the condition “interrenalismus,” while von 
Gierke ® uses the term “interrenal intoxikation.” 

In the person under discussion, the gonad during embryonic life 
apparently secreted sufficient hormone to influence the development of 

11. Lillie, F. R. : The Present Status of the Problem of “Sex Inversion” in 
the Hen, J. Exper. Zool. 48:175. 1926. 

12. Lillie, F. R.: The Free Martin: A Study of the Action of Sex Hormone 
in the Fetal Life of Cattle, J. Exper. Zool. 23:371, 1917. 

13. Mathias, E.. and Petzal, E. : Eine Weitere Beobachtung von Interrenalis- 
mus, Klin. Wcbnschr. 5:2313, 1926. 
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the vas deferens and a rudimentary epididymis, but except for the 
patient’s extreme height, it is difficult to determine any evidence of 
male sex hormone secretion in extrauterine life. The patient seemed 
sexually neutral, physiologically as well as in her behavior. This is 
of particular interest in view of the large number of cells resembling 
Leydig cells observed in the testicle. As brought out by Moore,^^ the 
role of the Leydig cells in the production of the male sex hormone is 
by no means settled. It seems probable that they are not of the extreme 
importance commonly attributed to them. 

Krabbe did not believe that the cases of suprarenal tumor or 
suprarenal hyperplasia associated with virilism or pseudohermaphro- 
ditism prove any especial connection between the suprarenal glands and 
sexual development, and that this association may be just as well or 
better explained by the development of early embryonic life. He 
postulated that the male portion of the ovary, being intimately associated 
with the development of the suprarenal gland in the beginning stages, 
is absorbed in some instances by the gland and developed into a part 
of its structure. Later development and secretion of these misplaced 
cells cause male characteristics to develop in the female, bringing about 
a state of virilism or feminine pseudohermaphroditism. 

Among the authors other than those cited whose papers on virilism 
and pseudohermaphroditism are valuable may be noted Glynn, 
Brutschy,^^ Collett and Scabell.^® 

Previously Recorded Cases of Psendohermaphroditismus Masen- 
linus Extcrmis Associated zvifli Hyperplasia of the Suprarenal Cortex. 
— On reviewing the literature, the recorded case appears to be the fourth 
of psendohermaphroditismus masculinus externus associated with 
hyperplasia of the suprarenal cortex and the second such case occurring 
in an adult. 

Brutschy in 1920 reported the occurrence of a bilateral hyper- 
plasia of the suprarenal glands and an accessory suprarenal gland in 
a 14 day old infant dying of an acute gastro-intestinal disturbance. 
The external genitalia were feminine in type with two labia, a small 

14. Moore, C. R. : The Biolog}' of the Mammalian Testis and Scrotum, Quart. 
Rev. Biol. 1:4, 1926. 

15. Krabbe, K. H. : The Relation Between the Adrenal Cortex and Sexual 
Development, New York M. J. 114:4, 1924, 

16. Glynn, E. E. : The Adrenal Cortex, Its Rests and Tumors, Its Relation to 
Other Ductless Glands, and Especially to Sex, Quart. J. Med. 5:157, 1911. 

17. Brutschy, Paul: Frankfurt. Ztschr. f. Path. 24:240, 1920. 

18. Collett, Arthur: Genito-Suprarenal Syndrome (Suprarenal Virilism) in a 
Girl One and a Half Years Old, with Successful Operation, Am. J. Dis. Child. 
27:204, 1924. 

19. Scabell, Albert: Deutsche Ztschr. f. Chir. 185:1, 1924. 
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clitoris and a flat vaginal pit, but no vagina. The internal genitalia 
consisted of two testicles which la}^ on either side in the proximal part 
of the inguinal canal. On the right testicle lay a small mass of acces- 
sory suprarenal tissue. Brutschy described a hard muscle-like mass 
that lay behind the neck of the bladder and into which led two long- 
canals. There was no eAudence of uterus or of tubes. The only other 
abnormal findings were a split uvula and an accessory spleen. 

Krabbe-® in 1924 described, in a new-born child who lived only 
fifteen hours, external genitalia that were essentially feminine. Inter- 
nally on the right a small testis had descended into the labium. No 
testis was present on the left, hut in the abdomen, apparently occupying 
the place of a second testis, there -w'as a tumor of suprarenal cortex 
tissue which showed no division into the characteristic zones. No 
rudimentary uterus was present. In the testis and epididymis there 
were inclusions of cells that resembled those of the suprarenal cortex. 
Krahbe called attention to the fact that the interstitial cells of the testis 
may resemble closely the cells of the suprarenal cortex. The suprarenal 
glands themselves were small and of essentially normal structure. The 
infant presented in addition spina bifida, paralysis of both lower 
extremities and clubfeet. 

Apparently the first reported case of pseudohermaphroditismus mas- 
culinus externus with hyperplasia of the suprarenal cortex in an adult 
was described by von Gierke ' in 1928. A 62 year old woman had never 
menstruated and, although married, was childless. There had never 
been the least doubt concerning 'her sex. She underwent an operation 
for double inguinal hernia. In both hernial sacs were found bodies 
that macroscopically and microscopically resembled testicles. The 
ductus deferens was typical. Fourteen days following operation the 
patient died of pulmonary embolism. Necropsy disclosed a bod}^ with 
feminine distribution of hair, palpable firm breasts and external geni- 
talia of entirely feminine appearance with large and small labia and a 
small clitoris. The vagina was 3 or 4 cm. long. The spermatic duct 
proceeded from the inguinal canal to its normal position behind the 
bladder, where there was also a microscopic seminal vesicle containing 
only desquamated cells and no spermatozoa. The ducts opened into 
the upper end of the vagina. There was present a structure that may 
have been a rudimentary prostate. The breasts showed microscopically 
the picture of a virgin mammary gland. There were adenomas of both 
suprarenal cortices. Neither a clinical record of the blood pressure 
nor an anatomic description of the condition of the heart or of the 
blood vessels was included in the report. 

20. Krabbe, K. H. : Fcrboldet Mellein Binyrebarktumores og Pseiidoher- 
maphroditisme, Hospitalistid. 67:651, 1924. 
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THE RELATION OF THE SUPRARENAL HYPERTROPHY TO THE 

HYPERTENSION 

Hypertension has been observed as a concomitant of hyperplasias, 
adenomas and liypernepbromas of the suprarenal cortex, as well as of 
hyperplasias and chromaffin cell tumors of the medulla. Oppenheimer 
and Fishberg •' believed that, in certain instances, at least, there is a 
causal relationship between the hyperplasia or tumor and the hyperten- 
sion. They cited as evidence thirteen cases recorded in the literature 
and added two of their own, one with necropsy and one in which the 
diagnosis seemed very probable, in which no anatomic cause other than 
a demonstrable suprarenal tumor could be brought forward in explana- 
tion of the hypertensive condition. Particularly interesting are two 
cases of Volhard’s quoted by Fishberg in which the clinical picture was 
that of diffuse nephritis with albuminuria. In both instances after the 
removal of a hypernephroma, the hypertension disappeared. Con- 
vincing also are coincident findings of hypertension and suprarenal 
tumor in children with no other demonstrable lesion to which the 
hypertension might be attributed. These authors also bring forward 
considerable anatomic evidence from series of cases reported in the 
literature that “diffuse hyperplasia and circumscribed adenoma forma- 
tion in the suprarenal cortex are exceedingly common in persons suffer- 
ing from hypertension whether it is nephritic or essential in type.” 
More recently Fishberg brought the literature on the subject to date, 
adding a case reported by Sti'auss " in which a hypernephroma in an 
adult woman was accompanied by both virilism and hypertension for 
which there was no other demonstrable cause. He also cited four 
cases in which hypernephroma in children has been accompanied by both 
pubertas praecox and hypertension. Other series of cases are noted 
in which hyperplasia of the suprarenal medulla has been observed in 
connection with hypertension. In a critical review of the literature, 
the author traced the development and lack of support of the conception 
that the hypertension is due to hyperepinephrinemia. The theory that 
the cortex plays some role in the production of epinephrine is not 
proved, and the presence of epinephrine in the blood of hypertensive 
patients has never been satisfactorily demonstrated, although the 
epinephrine content of the suprarenal glands may be increased in con- 
ditions with high blood pressure such as hypertension and nephritis 

21. Fishberg, A. M. : Hypertension and Nephritis, Philadelphia, Lea & Febiger, 
1930. 

22. Strauss, H. ; Ueber Hirsutismus und ViriJismus siiprarenalis, Deutsche 
med. Wchnschr. 52:2112, 1926. 
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(Wells Rabin recently reported a chromaffin cell tumor (pheo- 
chroinocytoma or paraganglioma) of the suprarenal medulla, collecting 
reports of thirty such tumors from the literature and summarizing all 
of the available information concerning the related clinical histories 
and observations at necropsy. It is significant to note that in nine 
of the thirty cases and in his own case there was present hypertension 
independent of renal disease. In two additional cases no clinical reports 
were available, but there was pathologic evidence of hypertension. 
Paroxysmal hypertension was present in two other instances. In pre- 
senting a case of paraganglioma with diffuse arteriosclerosis and arterio- 
losclerosis, Biebl and Wichels attributed the condition to a prolonged 
overproduction of epinephrine, concluding that epinephrine sclerosis in 
man differs for some reason from experimentally produced epinephrine 
sclerosis in animals. It seems more probable that the sclerotic changes 
observed by these authors were present as a result of the prolonged 
hypertension. 

As in the production of the “syndrome genito-surrenal,” it is not 
known why by far the larger percentage of suprarenal tumors fail 
to give rise to hypertension. Fishberg stated that “it seems possible 
that a disturbance in the relations between the suprarenals and other 
organs of internal secretion results in some unknown way in the vaso- 
constriction which produces the hypertension.” At present knowledge 
concerning the relation of the suprarenal glands both to sexual dis- 
turbances and to hypertension is speculative. 

THE PINEAL GLAND 

Serial sections through the region of the pineal gland of the patient 
failed to disclose the presence of pineal tissue. In a discussion of 
changes in the pineal gland, Horrax and Bailey pointed out that the 
chief theory concerning the function of the pineal gland is that a 
secretion from this organ inhibits puberty, and that at the time of 
puberty involutional changes in the gland inhibit the secretion, thus 
allowing sexual characteristics to develop. Destructive lesions of the 
pineal gland are known at times to be associated with precocious puberty 
in boys. No such proved case exists in association with precocious 

23. Wells, H. Gideon: Chemical Pathology, ed. 5, Philadelphia, W. B. Saun- 
ders Company, 1925. 

24. Rabin, C. R.: Chromaffin Cell Tumor of the Suprarenal Maculla (Phe- 
ochromocytoina). Arch. Path. 7:228, 1929. 

25. Biebl, Max, and Wichels, Paul : Physiologische und pathologische ana- 
tomische Betrachtungen im Anschlusz an einin Fall von Paraganglom beider 
Nebennierin, Virchows Arch f. path. Anat. 257:182, 1925. 

26. Horrax, Gilbert, and Bailey, Percival: Pineal Pathology, Arch Neurol 
6c Psychiat. 19:394, 1928. 
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puberty in girls. On the other hand, as these authors showed, such 
tumors may be present with failure of development of precocious 
puberty. Zandren in 1921 reported an instance of absence of the 
pineal body in a boy 16 years old. The child had developed normally 
to the age of 10, but none of the phenomena of puberty followed. 
The thyroid gland and the hypophysis seemed normal, but the structure 
of the testicle corresponded to that of a child of 2 years. Zandren 
postulated from this case that the main function of the pineal body 
is to initiate rather than to inhibit puberty. If the tumor of the pineal body 
is a pinealoma or an adenoma, it may be argued that an increased secre- 
tion initiates a precocious puberty, thus lending support to Zandren’s 
theory, lo quote Horrax and Bailey,-*^ “unfortunately for this theory 
not all the tumors associated with the pubertas praecox are pinealomas, 
many are teratomas, and one might point again to similar tumors 
unaccompanied by precocious puberty.” ‘ Further complicating the 
picture, the same authors reported a case in which a ganglioneuroma 
developing from the anlage of the pineal gland completely replaced 
the structure, no cells resembling the normal structure of the pineal 
body being present. The patient, however, a man 40 years old, attained 
a normal jDhysical, mental and sexual development. Krabbe described 
the occurrence in a female infant, 1 year old, of a pineal gland that 
had been transformed into a pouch of neuroglia with thin walls and 
without any sign of pineal cells. The infant did not present any 
remarkable symptoms except a hydrocephalus and especially no signs 
of a precocious puberty. Krabb was inclined to discredit the sug- 
gestion that absence of the pineal gland may occur in man, because 
he had noticed that when the brain is taken away from the cranium, 
the gland often becomes detached, the organ remaining hanging by 
the vena magna galeni. Because of the coexisting congenital abnor- 
malities in the instance recorded in this report, it is not possible to 
speculate on the possible significance of the apparent absence of the 
gland as lending support to either of the theories concerning its func- 
tion. The incident is recorded as a part of a most extraordinary 
clinicopathologic picture which in the light of present knowledge cannot 
be explained. 

THE LYMPHOID TISSUES 

The extensive hyperplasia of the lymphoid tissues in the wall of 
the intestine, the mesenteric lymph nodes and the malpighian bodies 

27. Zandren, Sven; A Contribution to the Study of the Function of the 
Glandula Pinealis, Acta ined. Scandinay. 54:323, 1921. 

28. Krabbe, K. H. : The Pineal Gland, Especially in Relation to the Problem 
on Its Supposed Significance in Sexual Development, Endocrinology 7:379, 1923. 
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of the spleen is of peculiar interest. Brenner,-” in a recent paper, 
accumulated considerable evidence that the site of the essential lesion 
in Addison’s disease is the suprarenal cortex. He brought out the 
fact that in many cases of Addison’s disease, due either to atrophy or 
to tuberculosis, there is present a status thymicolymphaticus, a general- 
ized hyperplasia of lymph glands or, at times, a lymphoid infiltration 
of the thyroid gland. Wells”® pointed out that marked lymphoid 
infiltration of the thyroid gland is particularly conspicuous in cases of 
Addison’s disease associated with selective destruction of the supra- 
renal cortex with relatively intact medulla. Jafife stated that “the 
newer evidence, including our own work on lymphoid regeneration fol- 
lowing suprarenalectomy, supports the view that the lymphoid hyper- 
plasia both in Addison’s disease and status lymphaticus is dependent 
upon insufficiency of the interrenal s)’^stem (suprarenal cortex).” 
Marine, Manley and Baumann ”” added further supporting evidence 
that impaired function of the suprarenal cortex is responsible for 
thymic and lymphoid hyperplasia. In view of these recent observations, 
the lymphoid hyperplasia in the case under consideration may or may 
not be significant, but is of interest, occurring as it does in the presence 
of a marked increase of both cortical and medullary suprarenal tissue. 

SUMMARY 

The case of a woman who died at the age of 26 years from a cerebral 
hemorrhage is reported. Clinically her condition had been diagnosed 
as chronic diffuse nephritis, hypertension, hypogonadism and infantil- 
ism. Postmortem examination disclosed a marked hyperplasia of supra- 
renal tissue associated with pseudohermaphroditismus masculinus 
externus, marked cardiovascular changes, apparent absence of the pineal 
gland and an extensive hyperplasia of the lymphoid tissue in the wall of 
the intestine, the mesenteric lymph nodes and the malpighian bodies of 
the spleen. The relationship of the suprarenal hyperplasia to the 
anomalous development of the genital organs and to the hypertensive 
condition is discussed. 

29. Brenner, 0.; Addisons Disease with Atrophy of the Cortex of the Supra- 
renals, Quart. J. Med. 22:121, 1928. 

30. Wells, H. Gideon: Addison’s Disease with Selective Destruction of die 
Suprarenal Cortex, Arch. Path. 10:499, 1930. 

31. Jaffe, H. L.: The Influence of the Suprarenal Gland on the Thymus T 
Exper. Med. 40:325, 619 and 753, 1924. 

- 32. Marine, David; Manley, O. T., and Baumann, E, J. : The Influence of 
Thyroidectomy, Gonadectomy, Suprarenalectomy, and Splenectomy on the Thymus 
Gland of Rabbits, J. Exper. Med. 40:429, 1924. 



MALIGNANT HEMANGIOA^A OF THE LUNG WITH 
MULTIPLE VISCERAL FOCI 

REPORT OF A CASE 

MARTHA WOLLSTEIN, M.D. 

NEW YORK 

At the Babies Hospital, where over 5,900 autopsies are on record, 
no primary neoplasm of the lung had been seen until the case reported in 
this paper was studied in December, 1930. Metastases in the lungs sec- 
ondary to embryonal adenosarcoma of the kidney had been observed 
in four instances. In 1903, Baumann and Bainbridge ^ reported a case 
of primary sarcoma of the lung at the Great Ormond Street Hospital 
for Sick Children, where the records from January, 1860, described no 
other case. Their patient was a girl 3 years and 11 months old. The 
extreme rarity of primary pulmonary neoplasms in young children 
and the interesting type of tumor presented by this patient warrant 
a detailed report. 

REPORT OF CASE^*^ 

History. — E. B. was admitted on Dec. 3, 1930, at tlie age of 4 months and 20 
da 3 's. She died the following day. The family history was negative. The child 
was born at term, weighing 7 pounds and 10 ounces (3.23 Kg.), and was a 
“blue baby” for a short time. She was breast-fed for three and a half months, 
and then was given diluted milk of grade A. Her development was normal, and 
she sat up at 4 months. When she was from 7 to 8 weeks old, wheezing 
respiration with attacks of groaning and C 3 'anosis were noted, and were supposed 
to result from a cold. The attacks were more frequent after eating and lasted 
from fifteen minutes to four hours. When the child was 4 months old, Nov. 14, 
1930, Dr. Kernan made a bronchoscopic examination at the New York Hospital. 
His report on the examination follows. “The bifurcation and mouths of the main 
bronchi showed distortion by pressure from the outside. The left bronchus was 
decidedly more deformed than the right. The mucous membrane was extremely 
congested. Both bronchi could be seen for a considerable way down their course 
and no foreign body was seen. Their walls were extremely collapsible and 
appeared to come in contact when the baby coughed, completely closing the lumen. 
A very considerable amount of thick mucus material was aspirated. It was 
thought that there was enlargement, from some cause, of a lymphatic node about 
the bifurcation of the trachea, producing the distortion of the lumen mentioned. 
This, with the accumulation of secretion in the bronchi and the collapse of the 
trachea and the bronchi on coughing, would account for the accumulation of 


* Submitted for publication, April IS, 1931. 

* From the Babies’ Hospital and the Pediatric Department of Columbia Uni- 
versity College of physicians and Surgeons. 

1. Baumann, E. P., and Bainbridge, F. A.: Lancet 1:520, 1903. 
la. Dr. John Kernan consented to the publication of this case. 
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secretion in the child's lungs and the consequent attacks of dyspnea and cyanosis. 
Postural drainage is suggested, also atropine in small doses, also x-ray exposure 
to glands.” 

A quantity of mucus was removed, after which there was improvement. How- 
ever, the wheezing returned, and Dr. Kernan sent the child to the Babies’ Hospi- 
tal for a second bronchoscopy. Physical examination showed a well developed 
and well nourished infant with telangectases on the left side of the face and scalp, 
a large liver, dulness over the upper lobe of the right lung and hyperresonance 
over the other lobes, with faint breath sounds, especially over the upper lobe of 
the right lung. The respirations suggested tracheal obstruction. The mucous 
membrane of the lower lip was dark purple and shiny; an irregular mottling 
spread to the lower gum. There were a few moist rales over both lungs, but 
most of the noises seemed to be transmitted from the throat. The heart was 
normal. The liver reached the level of the umbilicus, and the spleen was not 
felt. On admission of the patient the diagnosis was tumor of the lung. 

Roentgen examination of the chest was interpreted by Dr. Caffey as showing 
“the right upper lung field completely obscured by a dense, even shadow with 
poorly outlined lower borders rather than the usually sharply outlined interlobar 
fissure. The trachea was displaced markedly to the left. The left lung field 
appeared normal.” Dr. Kernan’s note on the result of the second bronchscopy 
reads : "Displacement of the carina and intensely inflamed and swollen bronchial 
mucosa especially on the left side. It is thought there is still pressure on the 
trachea and bronchi from large glands accompanied by bronchitis and noticeable 
collapse of the trachea and bronchi on expiration, explaining the emphysema.” 
Following the bronchoscopy the child had great difficulty in breathing, and 
respirations ceased several times, being started again -by vigorous methods of 
artificial respiration, administration of epinephrine hydrochloride, etc. The child 
ceased breathing after repeated attacks of this type in which there was respiratory 
failure. Dr. W. R. Williams permitted me to examine the x-ray films taken from 
Oct. 17 to Nov. 26, 1930, at the New York Hospital. At that time the shadow 
in the upper lobe of the right lung was evident. On November 7, at the New York 
Hospital, the red cells numbered 3,320,000 and the leukocytes 7,560, with poly- 
morphonuclears 51 per cent and lymphocytes 49^ per cent. The hemoglobin 
was 60 per cent. 

Autopsy. — Autopsy was performed by Dr. Beryl H. Paige. The body was 
that of a normally developed, moderately well nourished, white female infant. 
On the left cheek and neck were dilated vessels, and in the lower lip were two 
small hemangiomas, one on each side of the midline. A small umbilical hernia 
was present. Permission was given for a thoracic incision only. 

The left pleural cavity was free from fluid and adhesions. In the right there 
were dense fibrous adhesions between the parietal pleura and the visceral pleura 
covering the upper lobe posteriorly. The heart, esophagus, thyroid gland, pancreas 
and kidneys were normal. The thymus gland weighed only 6 Gm. The larynx 
contained much mucus, and the wall showed injection in a narrow zone 5 mm. 
wide. The mucosa in the lower portion of the trachea showed slight injection, 
but the wall was free from exudate. In the right main bronchus there was a 
large amount of mucoid material and slight injection was noted in the proximal 
5 mm. of the mucosal wall, while immediately above the division several blackish- 
red areas (hemangiomas), from 2 to 3 mm. in size, lay in the mucosa. In the 
left mam bronchus there was also some mucus. The proximal 1 cm. of the 
mucosa was bright red, and was the seat of an angioma 1 cm. in length (fig la) 
extending around almost the entire caliber of the bronchus. ’ 
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The upper lobe of the right lung was voluminous, measuring 7.5 cm. in its 
greatest length. On the posterior surface were numerous fibrous adhesions. On 
the anterior surface was an incomplete accessory fissure, lying from 0.5 to 1.5 cm. 
above the lower anterior margin of the lobe. The posterior third of the upper 
lobe was deep red and fleshy in consistenc}', but not firm. On the surface the 
lobules were dearly marked. A vertical zone, 2.5 cm. wide, anterior to this area 
was moderately emphysematous and pale, and the remainder of the upper lobe 
was deeper red, but air-containing. The lower and middle lobes were bright 
pink and well aerated. On section, the cut surface of the posterior part of the 
upper lobe was sharply differentiated into lobules from 1 to 3 cm. in diameter, 
(fig. lb). The tissue was dark red and fleshJ^ In the centers of many of the lobules 
was a pale gray area about 5 mm. in diameter, and these paler areas surrounded 
small branches of the bronchial tree. The cut surface of the lower lobe was bright 



Fig. 1. — At the left is the cut surface of the right lung, showing the lobular 
outlines and the light central areas of the new growth in the upper lobe (b). 
The left lung, shown at the right, is aerated (c). The left main bronchus shows 
a hemangioma (a). 

pink and aerated. The left lung was bright pink and well aerated. On the 
mediastinal margin of the upper lobe near the apex was a lobule over which 
the pleura showed injection. This lung was normal on section. The tracheo- 
bronchial lymph glands were enlarged, the longest being 2 cm. in diameter. They 
were bright red, soft and discreet. 

The spleen weighed 24 Gm. It was deep purplish red, and on section the 
malpighian bodies were from 1 to 2 mm. in diameter and numerous. The liver 
weighed 256 Gm. The capsule was normal. The organ was pale, reddish brown 
and moderate!}' fatt}'. The gallbladder was normal. In the coils of the small 
intestine were irregular, deep-purplish areas, where the mucosa showed 
injection, and the Peyer’s patches and the follicles were hyperemic. A 
mesenteric lymph node was pale gray. The lymph nodes around the pancreas 
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were deep red, discreet and less than 1 cm. in width. The suprarenal glands were 
of average size. The cortices were pale yellow, and the central zone appeared as 
a fine, reddish-brown line. Adherent to the hilus of the right gland was a cir- 
cumscribed flattened mass of deep-red tissue resembling the lymph glands around 
the pancreas. One ovary appeared normal, and the other contained several cysts. 
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Fig. 2. — A section of the neoplasm in the upper lobe of the right lung, showing 
bronchiole containing purulent exudate (a), vascular channels lined by endothelial 
cells {h), and mitoses in endothelial cells (c). 


Microscopic Examination . — It would hardly have been possible to identify a 
section of the upper lobe of the right lung as lung if it had not been for the 
bronchioles filled with purulent exudate (fig. 2a). Around them were no normal 
alveoli, only masses of blood vessels the lining of which was a single layer of 
endothelial cells, cuboidal in many places, flattened in others. Their nuclei 
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were vesicular and hyperchromatic, and a few mitoses were seen. Sucli vessels 
contained red blood cells. Between them there was no stroma, merely a base- 
ment membrane tliat stained black with the Weigert-van Gieson stain. These 
vessels or channels varied in size, but they were capillaries (fig. 2b). There were 
fields in which the growth was more solid and less vascular, the cellular buds not 
having become canalized. In places the pulmonary alveoli and bronchioles had 
been compressed to mere slits; in others they were less compressed and were 
lined with cuboidal (embryonal type) epithelium, but in most fields of the solid 
tumor no trace of them remained. Mitoses were most common in the solid fields 
(fig. 2c). The veins and arteries in the connective tissue septums between the 
lobules were filled with red cells. A section taken from the margin, or youngest 



Fig. 3, — A section of the upper lobe of the right lung, showing progressive 
invasion through the alveolar walls at the edge of the neoplasm. 


part, of the tumor showed large areas of cellular growth with little tendency to 
the formation of blood channels, but much more variation in the size and shape of 
the nuclei. Many were large, irregular and hyperchromatic. The tumor was 
growing or progressing through the alveolar walls, thickening them and com- 
pressing the alveoli (fig. 3). The invasive malignancy of the new growth was 
marked in the lung. 

The mucosa of the right bronchus was widened, and the newly formed capil- 
leries, filled with red cells, extended almost to the covering epithelium. There 
were also areas of hemangioma in the mucosa, between the mucous glands, and 
these extended through the muscularis mucosae into the submucosa and into the 
connective tissue between the cartilage plates, then into the perichondrium almost 
to the muscularis, which was not invaded. The newly formed vessels were lined 
with cuboidal endothelium and contained red cells. There were also solid buds of 
endothelial cells, not as yet canalized. It seemed plain that the bronchial wall 
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bcciimc invaded by Uic neoplasm from the parenchyma of Iho lung, tlic lolniles of 
angioma l)ccoming largest in the mneosa, where the loose-meshed tissue ofTered 
less resistance to proliferation. 

In the smtdl intestine, the covering epithelium of the villi was intact, and some 
villi contained congested capillaries. The mucosa proper contained areas made of 
small vessels filled with red cells and lined with ciiboidal endothelial cells. These 
vessels or channels were closely packed, <'uk1 extended through the muscularis 
mucosae into the submucosa, widening and reddening it. But they stopped at the 
margin of the circular muscle coat, which was free, as were the lymph follicles 
in the snbmucosa. The areas of hemangioma could be plainly distinguished from 
the uninvolvcd mucosa, and while solid buds invaded both villi and submucosa, 



Fig. 4. — A section of the suprarenal gland showing a cavernous type of heman- 
gioma ill the medullary zone. 


there were places where the outline of the neoplasm was distinct. In the sur- 
rounding fat were lobules of tumor tissue. 

The cortical cells of the sujirarcnal gland contained lipoid, and the reticular 
layer cells were degenerating. In the medullary zone of the suprarenal gland 
numerous large and small endothelium-lined channels contained erythrocytes and 
leukocytes. 'I'lic channels were separated by small strands of connective tissue, 
their lining cells were flattened, and the picture differed from the rest of the 
growth because it was distinctly cavernous in type (fig. 4). External to the 
suprarenal gland were numerous circumscribed lobules of tumor tissue invading and 
replacing fat lobules, again illustrating the progressive, invasive growth of the 
ncoplasni. A sympathetic ganglion next to the suprarenal gland showed angio- 
matous invasion. 

A few lobules of the pancreas showed hemangiomatous areas, not sharply cir- 
cumscribed but extending irregularly into the pancreatic lobules. A mass of tissue 
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taken from the prevertebral area of the upper part of the abdomen showed an 
uninvaded lympli node and hemangioma apparently replacing fat, as well as uniu- 
vaded lobules of adipose tissue. A tracheobronchial lymph gland was free from 
tumor,^ but lobules of angioma were replacing fat lobules. The freedom of both 
thoracic and abdominal lympli nodes from invasion by the tumor was striking. A 
nodule from the region of the pancreas .showed, in addition to pancreas and an 
accessory spleen, numerous circumscribed lobules of angiomatous tissue and some 
normal lobules of fat. In the accessory spleen the lymphoid follicles were hyper- 
plastic, the sinuses contained many red blood cells and polymorphonuclears, the 
capsule was intact, and no evidence of invasion Iw the tumor was found. 

The malpighian bodies of the spleen were large. No tumor was present, nor 
was there any in the liver or in the kidney. It is to be regretted that no specimen 
from the skin (lip, check, scalp) could be examined, but the restrictions of the 
autopsy made that impossible. 

Diagnosis . — The anatomic diagnosis was; malignant hemangioma 
of the right lung, bronchi, small intestine, pancreas, suprarenal gland, 
adipose tissue, abdominal sympathetic ganglioit, scalp and lip; fibrous 
pleural adhesions ; acute bronchitis ; fatty liver, and c}^sts of the ovaries. 

COMMENT 

The gross appearance of the tumor in the upper lobe of the right 
lung suggested sarcoma. The whole mass was firm, but not hard, 
shading imperceptibly into aerated pulmonary substance. Microscopic- 
ally, the lighter areas were those in which the tumor was young, with 
fewer new vascular channels filled Avith blood, but with many solid 
cell masses and compressed alveoli. The extension of the growth into 
uninvolved lung is well shown in figure 3, which illustrates the pro- 
liferating endothelial cells spreading as solid buds along the alveolar 
walls and into the dilated alveolar ducts as solid masses, sometimes 
knobbed. In the fat around the right suprarenal gland, the advancing 
growth showed some similar projections covered by a single layer of 
endothelial cells. In the lung there were areas in which the cells were 
arranged in smaller or larger groups or sheets with no canalization, 
but hardly primitive enough to suggest syncytial masses. These cells 
had an acidophil cytO]>]asm, Avbich was granular, and a deeply staining 
nucleus with occasional mitoses. Close by were narrow blood channels 
containing red cells, the wall made of a single layer of endothelial cells, 
which were often cuboidal. These vessels had no stroma between them 
and compressed the adjacent ah'coli so that many of them were mere 
slits with lining cells that had returned to the embryonal cuboidal 
type. The growth Avas malignant and inA^asiA'^e as seen in all the foci, 
especially the parenchyma of the lung, the intestine, the fat tissue 
and the sympathetic ganglion. Only in the suprarenal medulla did 
the tumor assume the caA’^ernous type, while in the adjacent fat it Avas 
again formed of capillaries only. 



WOLLSTEIN— MALIGNANT HEMANGIOMA OF LUNG 569 

In the literature reports of cases of primary sarcoma of the lung 
in children are few, and variously designated. Thus Chiari " reported 
a spindle cell sarcoma occurring in the right upper pulmonar}' lobe of a 
14 year old girl. Round cell sarcomas have been described by Hagen- 
bach,^ Bjornsten,-* Lehndorf ^ and Peters;® a lymphosarcoma by Gan- 
non,' and a polymorphous cell sarcoma by Acuna and his associates.® 
Rosenblum and Gasul’s ® patient was a girl 29 months old with a large 
sarcoma of the right lung, but no microscopic details are given. None 
of these descriptions fits this case, which is so evidently of vascular 
origin, the type cell being the endothelial cell, and the microscopic 
picture that of malignant hemangioma. In 1928, Wright collected 
seven cases of hemangiomatous tumors that formed metastases, and 
added one of his own. All the tumors occurred in adults, and none was 
primary in the lung. Four were histologically benign (Borrmann,^^ 
Ewing,^- Homans,^® Shennan and four were histologically malignant 
(Langhans,’^® Theile,’^® Jores,^’^ Wright^®). The recent article by 
Schlopsnies details another case in an adult, the growth involving the 
spleen, liver and bone marrow. Theile and Jores classified their cases 
as sarcomatous angioma, and Lubarsch included them both in the group 
of angioblastic sarcomas or sarcomatous angiomas, for which Borst -® 
assumed an origin from endothelial cells that proliferate in the form of 
buds (embryonal vessels) , which in places may become canalized, thus 
differentiating into vessels the lining cells of which are numerous and 

2. Chiari, H. : Anz. d. k. k. Gesellsch. d. Aerzte in Wien, 1877, no. 6, p. 29. 

3. Hagenbach, cited by Boschowsky: Frankfurt. Ztschr. f. Path. 9:239, 1911- 
1912. 

4. Bjdrnsten, cited by Boschowsky (footnote 3). 

5. Lehndorf, H. : Wien. med. Wchnschr. 59:1774, 1909. 

6. Peters, C. A.; M. Clin. North America 7:1823, 1924. 

7. Gannon, N. D. : Pennsylvania M. J. 32:574, 1928-1929. 

8. Acuna, M. ; Wincour, P., and Orosco, G. P. : Arch, latino-am. de pediat. 
23:605, 1929. 

9. Rosenblum, P., and Gasul, A.: Arch. Pediat. 48:63, 1931. 

10. Wright, A. W.: Am. J. Path. 4:507, 1928. 

11. Borrmann, R. : Beitr. z. path. Anat. u. z. allg. Path. 40:372, 1907. 
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16. Theile: Virchows Arch. f. path. Anat. 178:296, 1904. 

17. Jores, L. : Zentralbl. f. path. Anat. 19:662, 1908. 

18. Schlopsnies, W.: Virchows Arch. f. path. Anat. 85:274, 1929-1930. 
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Handbuch der speziellen pathologischen Anatomie und Histologic, Berlin Julius 
Springer, 1927, vol. 1, p. 2. 
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may ajDpear in several layers. The cells giving- rise to this type of 
neoplasm are angioblasts in their primitive state, endothelial cells in 
the next stage of their diflerentiation and potential precursors of sar- 
coma cells and of blood cells. Wright believed that the tumor that he 
reported grew from cells less primitive than angioblasts, that is, endothe- 
lial cells, but no longer characteristic endothelia, because they had under- 
gone neoplastic change. In the case here I'eported angioblasts were not 
present, but the origin from endothelial cells was evident, and the sarco- 
matous areas were less marked than in those described by Theile and 
by Schlopsnies.^® The latter also remarked the lack of involvement of the 
lymph nodes, and in reviewing the cases belonging in this group of 
neoplasms, found that the liver was the primary seat in about twenty 
cases, the spleen in eleven or twelve, the bone marrow in one, the thymus 
gland in ten and the skin onl}' once. The lung, as the principal focus, 
has not hitherto been noted. 

The case here reported is apparently the first in which the principal 
or lai'gest mass was in the lung, with smaller foci in other organs. It 
would be difficult to say which was the primary growth, but the lung was 
undoubtedly the organ most involved. In this connection Lubarsch 
raised the question whether in these neoplasms there was a primary 
growth with metastases, or whether there were not rather independent 
growths or multijjle foci of origin, an “angiomatosis multiplex or even 
universalis.” In the present case multiple foci seem best to explain the 
condition, for while the foci differed in size, they were of the same 
age, that in the lung evidently being the most rapidly growing, although 
the manner of invasion of the peri suprarenal gland and prevertebral 
fat lobules was as active. 

The malignancy of the growth is shown by its local invasiveness in 
every focus, and by the mitoses in the neoplasmic cells present in these 
•foci. The spidering of vessels in the face was noted when the patient 
was admitted to the New York Hospital, and a month later at the 
Babies’ Hospital an angioma of the lip, spreading to the gum, was seen. 
This would seem to argue progressive involvement of the skin. 

Only a few cases of multiple hemangiomas occurring in children 
have been recorded. Stamm described one in a 4 months old infant 
which involved the skin, muscles, both lungs, right vocal cord, ovaries, 
small intestine and cerebral cortex, and diagnosed it as angioma simplex. 
Ramdohr " detailed the case of a new-born infant who died of hemor- 
rhage from a tumor on the inferior maxilla and had multiple nodules of 
angiosarcoma in the skin, lungs and kidneys. The lungs were not 

21. Stamm, C. : Beitrage zur Lehre die Gefassgeschwiilsten, Dissertation, 
Gottingen, 1891. 

22. Ramdohr, M. ; Virchows Arch. f. path. Anat. 73:459, 1878. 
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involved in the cases occurring in children reported hy Briichanow,-® 
Ernst and von Falkowski ; von Falkowski’s patient, a boy 2^ 
months old, had angiomas of the skin, spleen and liver, which he classified 
as a peculiar form of mesenchymal benign hamartoma, the result of a 
systemic disease of the embryonal mesenchyme, a tissue maldevelop- 
ment. In Ernst’s -■* patient, 2 months and 20 days old, the liver, spleen 
and skin were the seat of nodules diagnosed as congenital angioma 
simplex. Bruchanow’s patient, 15 weeks old, showed multiple 
hemangiomas of the skin, the liver and the periosteum of two ribs. 
Bdckelmann’s patient, 15 months old, underwent splenectomy for an 
angiosarcoma of the spleen, and de Haan reported an alveolar angio- 
sarcoma of the liver without metastases in a baby 4 months old. It is 
apparent that the lungs are but infrequently involved in neoplasms of 
the group of malignant hemangiomas. 

SUMMARY 

A case of multiple malignant hemangiomas in an infant, involving 
the lung, skin, bronchi, pancreas, intestine, suprarenal gland, prevertebral 
fat and sympathetic ganglion, is described. The principal and largest 
mass was in the upper lobe of the right lung, a condition not noted in 
any other reported case. The lymph nodes were not involved in the 
neoplasmic process. 

23. Briichanow, N. : Ztschr. f. Heilk. 20:131, 1899. 

24. Ernst, P. : Verhandl. d. deutsch. path. Gesellsch. 15:232, 1912. ' 

25. von Falkowski, A.: Beitr. z. path. Anat. u. z. allg. Path. 57:385, 1913. 

26. Bockelmann: Ueber ein Angiom der Milz; Inaug. Diss., Greifswald, 1906. 

27. de Haan, J. : Beitr. z. path Anat. u. z. allg. Path. 34:215, 1903 



EXPERIMENTAL SCARLATINAL NEPHRITIS IN 

THE DOG* 
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The present views on the sequence of the early anatomic changes 
that underlie certain clinical types of nephritis are largely conjecture. 
This is due, in part, at least, to the fact that the renal function is so 
complex and the possible lesions so varied that an accurate correlation 
of the urinary observations and the renal changes is prevented. It is 
generally held that abnormalities in the urine as determined by micro- 
scopic and chemical anal3’sis are on!3- presumptive evidence of nephritis, 
since these may be present without deinonstra])le renal lesions. Even 
when the urinai*}’ observations point to renal changes, thev are not a 
reliable criterion of the location, extent and degree of these changes, 
because the exact relations between renal structures and their functional 
activities are imperfectly understood. Therefore, albumin, casts and 
blood in the urine offer little information as to whether there is a renal 
structural change or merely a functional disturbance. 

My purpose in this paper is to report the results of experiments on 
animals which were instituted in order to determine as far as possible 
the relation of the renal structural changes, and to trace their develop- 
ment in correlation with abnormal urinar}'- findings. Experimental 
nephritis was induced in dogs with ( 1 ) living culture, ( 2 ) killed culture 
and ( 3 ) the filtered in vivo prejjared toxic product of Streptococcus 
scarlatinae. 

EXPERIMENTS 

Since nephritis frequently occurs spontaneously in the dog, I used 
onl}^ 3-oung animals the urine of which over a period of from ten da3^s 
to two weeks was free from albumin, casts and other abnormalities, and 
the renal function of which, as determined b3'’ the phenolsulphon- 
phthalein test, was within the normal limits. During the period of 
obsen^ation the animals were kept in metabolism cages to facilitate the 
collection of urine. Catheterized specimens were not employed; hence 
the figures in the tables for the volumes of urine are averages only, 
which were obtained b3’' dividing the total volume of urine of seven da3^s 

* Submitted for publication, March 28, 1931. 

"•From the Department of Pathology, Tulane University School of Aledichie. 

*A preliminar}'- report appeared in: Proc. Soc. Exper. Biol. & Aled. 26:546, 
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by the number of days in the period. Daily examinations of urine were 
made over a period of from one to three weeks after the administration 
of the nephrotoxic agent. In the case of dogs that survived several 
months, the examinations of the urine were made at weekly intervals 
after the first three weeks. The phenolsulphonphthalein test was 
repeatedly carried out on all dogs at approximately weekly intervals. 

Fourteen )mung, healthy dogs were employed in the experiments. 
Nephritis was induced by intraperitoneal and intravenous injections of 
“living” and “killed” cultures of scarlatinal streptococci and of a 
“lysate” of these streptococci (prepared after the method of Duval and 
Hibbard^). The dosage of “killed” culture was the entire forty-eight 
hour surface growth of twelve blood agar slants suspended in from 15 
to 30 cc. of sterile physiologic solution of sodium chloride; while the 
dose of the “lysate” was from 15 to 30 cc. of sterile Berkefeld “N” 
filtered peritoneal fluid from an immune rabbit that had previously 
received intraperitoneally the forty-eight hour streptococcal surface 
growth of twelve blood agar slants. The dosage of “living” culture 
employed was the forty-eight hour surface growth of three blood agar 
slants suspended in 10 cc. of sterile water. 

The following protocols are representative of the results obtained : 

Dog 1 . — Dog 1 was a female weighing 5 Kg. During a preliminary period of 
observation of one month daily samples of urine were found free from abnormal 
constituents. The animal was given an intraperitoneal injection of 30 cc. of 
lysate of scarlatinal streptococci prepared in vivo. One hour later the dog vomited 
and appeared greatly prostrated. On the following day the animal was better, but 
refused food. Three days after the first injection, the dog ate again and appeared 
well. Tavo weeks after the injection albumin appeared in the urine and continued 
to appear for the remaining period of the experiment. Three weeks after the first 
injection a second injection of 15 cc. of Nsate was given intraperitoneally. Two 
weeks later a third intraperitoneal injection of 15 cc. of lysate was given. After 
each injection the dog vomited and appeared very ill for two days. The second 
and third injections apparently caused greater quantities of albumin to appear in 
the urine, and after the third injection blood and casts, both fine and granular, 
were also noted. The dog Avas found dead in its cage one Aveek after the third 
injection or approximately tAvo months after the first injection of lysate. 

At autopsy there Avas the usual picture of a severe toxemia in the spleen, heart, 
liver and kidneys. The kidneys in particular Avere markedly SAVollen and generally 
dark red. On section the cortex presented conglomerate and discrete pinhead- 
sized and smaller, yelloAvish-Avhite areas. The glomeruli Avere discerned as dark 
red, elevated dots, resembling in many instances petechiae. Because of these 
hemorrhagic spots near the capsule, the cortical surface of the kidney presented 
the classic “turkey-egg” spotting. 

Microscopically, the outstanding lesions Avere in the glomeruli, and A^aried from 
simple hyperemia of the capillary tufts to rupture and actual . hemorrhage into 
the capsular space. 

1. Duval, C. W., and Hibbard, R. J.: J. Exper. Med. 44:567, 1926. 
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Dog i.— Dog 3 was a female weighing 11.1 Kg. During the preliminary period 
of observation (eight days) the urine remained normal. On January 24, the first 
intravenous injection of 20 cc. of a suspension of killed scarlatinal streptococci was 
made. Similar amounts of the killed culture were injected sixteen and twenty-six 
days later. Albumin, blood and a trace of bile appeared in the urine two days 

Table l.~Urinary Findiugs in Nonfafal Experimental Nephritis Induced in Dog 3 
with Three Intravenous Injections of Killed Scarlatinal Streptococci 
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after the first injection (see table 1). In addition to albumin and blood, hyaline 
and granular casts appeared in the urine three days after the third intraperitoneal 
injection of "killed” culture. These pathologic substances were observed in the 
urine at every subsequent examination over a period of three months, though the 
dog was fat and appeared in good health. The animal was killed five months 
after the first inoculation. The changes observed at autopsy were acute glomerulo- 
nephritis, tubular nephritis and interstitial infiltration with lymphocytes. There 
was no increase in the connective tissue. 

Dog 4.— Dog 4 was a female weighing 6.7 Kg. This animal was under daily 
observation for twelve days prior to the experiment. During this time the urine 
and the renal function were normal. On January 24, 15 cc. of streptococcal lysate 
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Table 2. — Urinary Findings in Fatal Experimental Nephritis Induced in Dog 4 
zvith Three Intrap critoneal Injections of “Lysate” of Scarlatinal Streptococci 
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was injected intraperitoneally. Subsequent injections of lysate in the same dosage 
were made on February 9 and 19. After each injection the dog vomited and 
refused food for twenty-four hours. After the third injection diarrhea developed, 
and tile animal was found dead in its cage five days later. Albumin was first 
noted in the urine six days after the first injection and was present at every sub- 
sequent examination. Bile, large numbers of hyaline and granular casts and blood 
appeared in the urine after the third injection. Three days later the animal died, 
and at autopsy the kidneys showed diffuse hemorrhagic glomerulonephritis. 

Dog 11.— Dog 11 was a female weighing 6.1 Kg. The preliminary period of 
observation lasted for two weeks, during whicii daily tests made of the urine 
revealed no abnormalities. The phenolsulphonphthalein test at this time showed 
72 per cent excretion of the dye. On February 22, 10 cc. of streptococcal lysate 
was injected intraperitoneally. Vomiting occurred immediately. This animal 

FAni-E 4. — Uriuai'y Findings in Fatal Experimental Nephritis Indueed in Dog 14 

with Single Intravenous Injection of “Lysate” of Scarlatinal Streptococci 
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received only one injection. Albumin, bile, blood, hyaline and coarsely grammar 
casts appeared in the urine forty-eight hours after the injection. Albumin and 
bile were excreted continuously over a period of four months, until the animal 
was killed. 

Autopsy revealed acute glomerulonephritis and early interstitial leukocytic infil- 
tration as the outstanding renal changes. 

Dog 13.— Dog 13 was a male weighing 6.7 Kg. During the preliminary obser- 
vation (ten days), all samples of urine were free from pathologic constituents. 
On April 28, 15 cc. of streptococcal lysate was injected intravenously. On the fol- 
lowing day albumin and hyaline and granular casts were found in the urine. 
Thereafter albumin was present in the urine to the end of the experiment. A 
second injection of 15 cc. of lysate was given intravenously on May 3, five days 
after the first injection, which failed to cause vomiting or sickness. After May 3 
traces of bile and blood were excreted and casts and pus appeared occasionally 
until June 12, when the dog was killed. The autopsy revealed albuminous and 
fatty degeneration of the liver and heart and acute glomerulonephritis. 

Uog s.—Dog 5 was a male weighing 6.6 Kg. During the preliminary period 
of observation (twelve days) the urine was normbl. On February 19, 20 cc. of a 
suspension of living scarlatina] streptococci was injected intraperitoneally. Vomit- 
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ing and diarrhea occurred one hour later, and the animal appeared ill. The 
following day the dog was comatose and died. The urine showed great quantities 
of albumin. 

Autopsy disclosed acute glomerulonephritis and a fatty heart and liver. 

Dog 7.— Dog 7 was a female weighing 6.8 Kg. The animal was under observa- 
tion for two weeks prior to experimentation ; during this time the urine was 
normal. Lysate to the amount of IS cc. was administered by intravenous injection 
on March 16. The dog vomited shortly after the injection. The following day it 
appeared normal. On March 18, albumin, hyaline and granular casts and bile 
appeared in the urine. On March 23, the excretion of phenolsulphonphthalein in 
two hours was 64 per cent. One month later this test showed 78 per cent excre- 
tion of the dye, which is normal, and there were no abnormalities in the urine. 
The animal was killed, and autopsy revealed acute glomerular and slight chronic 
interstitial nephritis.' 

Dog 14 . — ^Dog 14 was a male weighing 13.6 Kg. Prior to the experiment the 
urine was examined daily for twelve days and found to be normal. On April 6, 
12 cc. of lysate was injected intravenously. The animal vomited following the 
injection. On the second day after the injection, albumin, hyaline and granular 
casts, blood and bile appeared in the urine. These persisted in the urine to the 
end of the experiment. The animal was sick throughout the period of observation, 
and died twenty-one days after the injection of lysate. 

Autopsy showed acute hemorrhagic nephritis, fatty liver and hypertrophy and 
dilatation of the heart. 

THE RENAL CHANGES IN STRUCTURE 

The acute renal lesion of the experimental scarlatinal nephritis in 
these dogs was characterized macrdscopically by an increase in the size 
of the kidney, by swelling of the glomeruli, which projected above the 
cut surface as dark red dots, and by pinhead and smaller, discrete, yel- 
lowish-white lineations in the cortical substance and in some instances 
by a sprinkling throughout the organ of minute hemorrhages (turkey- 
egg spotting). The gross appearance of the kidney in chronic nephritis 
in these dogs was that of an organ of normal or slightly under-normal 
size, in which the consistence was increased and the color pale reddish 
brown. There were also numerous small retention cysts and cicatricial 
depressions scattered through the cortical substance. 

The earliest microscopic change was an intense engorgement of the 
capillaries of the glomeruli with often densely packed erythrocytes that 
appeared as though the hemoglobin had been dissolved out. In many of 
the capillary tufts the loops were enormously distended with what 
appeared to be erj^throcytic thrombi. Other capillaries were distended 
by masses of eosin-staining material, which was homogeneous and which 
apparently was formed from the fused and destroyed red blood cells. 
Many of these hyaline-thrombosed capillary loops were glued to the wall 
of Bowman’s capsule. In the case of some dead capillary loops, new 
connective tissue partially or completely cicatrized them. In other 
glomeruli where the capillaries were not blocked by thrombi, the lumina 
contained large numbers of mononucleated cells. The nature of these 
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cells was difficult to determine, since they appeared to be outside of the 
capillaries in the capsular space ; however, in no instance were they of the 
neutrophil variety. I am inclined to regard them as endothelial cells because 
of theii mannei of staining and because of the character of the nucleus, 
which was definitely vesicular and surrounded with considerable basic- 
staining cytoplasm. In still other glomeruli extensive hemorrhage was 
noted, which, in Some instances, could be readily traced into the corre- 
sponding tubule. Sometimes the hemorrhage into the subcapsular space 
was so large as to misplace or crowd out the capillary tuft. When blood 
escaped into the subcapsular space, the red cells fused into a homogene- 
ous, pink-staining mass which often became attached to the capsule. In 
these masses there commonl)’’ occurred connective tissue and an invasion 
by epithelial cells producing the so-called “crescent.” The replacement 
of the hyalinized capillaries by fibrous tissue produced complete or 
partial glomerular sclerosis. 

The tubular epithelium was not affected until late in the glomerular 
process; then it became swollen, granular and filled with fat droplets; 
especially was this the case with the epithelium of the convoluted portion 
of the tubule. In places the epithelium had desquamated and the tubule 
had atrophied, and eventually in those instances in which the correspond- 
ing glomerulus was destroyed the tubule degenerated. All kinds of casts 
were demonstrated. A significant feature was the absence of any acute 
inflammatory lesion in and about the involved tubules. 

When a dog had received several injections of streptococcal lysate, 
and had been allowed to live for six months or longer, and previous 
examinations of the urine had shown the existence of an acute 
glomerular nephritis, microscopic study of the kidneys revealed consid- 
erable change of a reparatory character in the interstitial connective tis- 
sue. In these kidneys there was noted an increase of fibrous tissue in the 
areas wffiere the greatest damage had occurred to the glomeruli. In such 
areas of connective tissue many of the tubules were atrophic, and the 
glomeruli were in various stages of retrogression, some being actually 
necrosed. Some convoluted parts of tubules in the affected areas 
appeared larger and others smaller than normal ; the larger ones in some 
instances were even cystic, owing to the mechanical interference with the 
passage of urine caused apparently by the contraction of the adjacent 
newly formed connective tissue. 

The animals that received the living culture of streptococci showed 
•at autopsy as the outstanding renal lesion focal and diffuse lymphocytic 
interstitial infiltration. The kidneys also shouted a moderate degree of 
glomerular, but no tubular, change. Few if an)^ neutrophils occurred 
in the stromal lesion. Streptococci were demonstrable in the stained 
renal sections and were recoverable in pure culture from the fresh 
tissue. 
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CORRELATION OF URINARY OBSERVATIONS AND RENAL 

DISTURBANCES 

The sequence and relation of the renal changes in correlation with 
the functional disturbances as expressed by abnormal urinary con- 
stituents were studied from the commencement of the acute renal lesion 
until chronic nephritis was well established. 

The appearance of albumin and casts in the urine was constant in 
all the dogs given injections. In most cases albumin and casts occurred 
within twent)^-four hours after the injection of the nephrotoxic agent, 
while in others these abnormalities were found only after from two to 
three days (see table 1). In addition to albumin and casts, the majority 
of the dogs showed blood and traces of bile in the urine, although usu- 
ally these substances did not appear before the third day following the 
injection (see table 2). 

Four of the acutely nephritic dogs were allowed to live for six 
months or longer. These animals in two or three months after the third 
and last injection of the streptococcal nephrotoxin apparently returned 
to a normal renal function as indicated by the total absence of abnormal 
constituents in the urine. However, at autopsy there was definite gross 
evidence of chronic renal changes, which was confirmed by microscopic 
study. 

It is particularly noteworthy that the urinary findings from day to 
day were a fairly reliable index to the anatomic changes in the kidneys. 
Blood in the urine invariably meant glomerular hemorrhage, while fine, 
granular casts foretold serious retrograde changes in the epithelium of the 
convoluted tubules, which seemed to be dependent on, but always secon- 
dary to, lesions of an obstructive character in the glomerular tufts. Here 
it is of interest to mention that the primary glomerular lesions followed by 
secondary tubular changes is the reverse of the sequence induced in dogs 
with uranium nitrate, which, according to MacNider,^ produces a pri- 
mary lesion of the epithelial cells of the proximal convoluted tubules. 

As early as the second day following the injection of the streptococcal 
nephrotoxin, the dogs passed urine containing albumin, bile and blood 
(see table 3). At this time there was usually a marked reduction in. the 
elimination of phenolsulphonphthalein, and this depression of renal 
function was the result of injury to the glomerular structures and not of 
injury to the tubular, as was revealed by microscopic study of the 
kidneys of some of the animals. 

The functional changes gradually diminished in severity after from 
three to four days in dogs that received only one injection of nephro- 
toxin, and the elimination of phenolsulphonphthalein increased. These 
expressions of functional improvement occurred pari passu with the 

2. yiacNider, W. de B.: J. Exper. Med. 49:387, 1929. 
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clearing of the glomerular injury. A second and third injection of the 
nephrotoxin was often followed by urinary abnormalities more severe 
than those following a single injection (see table 2). However, albumin, 
blood and casts in marked quantities occurred following the single injec- 
tion of nephrotoxin. Furthermore, these substances appeared in the 
urine within a few hours in dogs that had had more than one injection 
of the nephrotoxin, which might be attributed to a previously induced 
allergic renal state. Again in these dogs the normal renal function was 
reestablished much more slowly or the pathologic condition became 
progressively Avorse until death. In these animals there was more his- 
tologic evidence of glomerular destruction and beginning evidence of 
retrograde changes in the epithelium of the convoluted parts of tubules. 
The study of the urinar;^ secretions from the kidneys of these animals 
permits the deduction that regeneration of tubular epithelium does not 
occur when the corresponding glomerulus has been destroyed. This 
may possibly be explained on the ground that the supply of blood to the 
tubule, which is largely through the efferent branch of the glomerulus, 
has become cut off by the process in the latter. 

COMMENT 

The results of the experiments here reported are of special interest, 
since the renal changes were produced with a nephrotoxin that com- 
monly causes nephritis in man. It is also noteworthy that there is a 
rather complete correspondence between the experimentally induced 
I'enal changes and the nephritis of scarlet fever. In consequence a closer 
analogy can be drarvn to the human disease than is possible when 
improbable excitants of human nephritis, such as uranium nitrate, have 
been employed. Furthermore, the scarlatinal nephritis in these dogs 
afforded the opportunity to determine the relative dependence of the- 
urinary abnormalities on certain of the renal changes. While many 
investigators have produced experimental nephritis in a variety of 
animals and with a variety of substances, including pathogenic micro- 
organisms and their products, ferv, it rvould seem, have attempted to 
determine the true relationship of the urinary abnonnalities to the 
structural changes in the kidney rvhen common nephrotoxic substances 
to which man is subject are employed. In this connection the work by 
Christian,^ by Pearce and Eisenbrey * and by Underhill, Wells and 
Goldschmidt,'^ among others, would have been of greater clinical value 

3. Christian, H. A.; Tr. Congress Am. Physicians & Surgeons .9:1, 1913. 

4. Pearce, R. M., and Eisenbrey, A. S. : J. Exper. Med. 14:306, 1911. 

5. Underhill, F. P. ; Wells, H. G., and Goldschmidt, S. : J. Exper. Med. 18: 
347, 1913. 
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had they employed nephrotoxic agents that commonly cause nephritis 
in man. As MacCallum ® pointed out, such substances as uranium nitrate, 
tartrates, snake venoms and the like are improbable excitants of human 
nephritis, and therefore the lesions experimentally produced by these 
may not be at all comparable with those of human nephritis. 

In discussing the manner of production of experimental nephritis, 
the question of allergy comes up for consideration, because it is claimed 
that allergic lesions in the kidney are inducible with streptococcal 
antigens. In this connection it is notworthy that Birkhaug'^ found 
allergy in a high percentage of rheumatic fever infections obtained with 
filtrates, autolysates and suspensions of various nonhemolytic strepto- 
cocci, from which he concluded that there is a common allergenic factor 
in streptococcal products. Longcope® produced specific lesions in the 
kidney by occasioning in the previously sensitized experimental animal 
repeated intoxication with protein. Long and Finner ® succeeded 
regularly in producing glomerulonephritis by injection of tuberculin into 
the sensitized experimental animal. Heplar and Simonds reported the 
results of their work on the experimental production of allergic inflam- 
mation in the kidney. In all of the reported instances of experimentally 
induced allergic nephritis it would seem that the specific lesion has 
occurred only after repeated injections of the antigenic substance or in 
animals in which the hypersensitive state existed. Longcope, how- 
ever, claimed to have produced with a single large dose of foreign 
protein specific injury to parenchymatous organs, which he ascribed to 
the gradual splitting of the protein within the animal's body, resulting 
in the liberation of toxic substances. In this instance, it must be 
assumed that the allergic reaction was the result of a sensitization of 
tissue induced by the toxic product first split from the protein. That an 
allergic reaction accompanied by structural changes may occur simul- 
taneously in the kidney and other organs as well as in the skin is likely 
in any case in which there exists a specific hypersensitiveness to protein, 
as has been shown by Gay and Southard,*^ Boughton,^® Longcope and 
others. 

Bacterial allergy most likely influences the clinical picture in all 
streptococcal nephritis of man, and particularly the postscarlatinal form. 

6. MacCallum, W. G. : A Text Book of Pathology, ed. 4, Philadelphia, W. B. 
Saunders Company, 1928, p. 262, 

7. Birkhaug, K. E.: J. Infect. Dis. 40:549, 1927. 

8. Longcope, W. T.: J. Exper. Med. 18:678, 1913. 

9. Long, E. R., and Finner, L. L. : Am. J. Path. 4:571, 1928. 

10. Heplar, O. E., and Simonds, J. P.: Am. J. Path. 5:473, 1929. 

11. Longcope, W. T.: J. Exper. Med. 22:6 and 793, 1915.’ 

12. Gay, F., and Southard, E. E.: J. M. Research 16:143, 1907. 

13. Boughton, T. H.: J. Immunol. 1:105, 1916. 

14. Longcope, W. T.: Arch. Int. Med. 15:1079, 1915. 
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In these cases, as shown by Longcope,^® there are persisting foci of 
streptococci froin which is absorbed a toxic product that on reaching 
tlie already sensitized kidneys excites new changes of an allergic nature. 

As legal ds the nephritis reported here I do not believe that allergy 
could have played any part in the production of the specific renal changes 
following the first injection of antigen. To explain the nephritis fol- 
lowing the primary dose on the basis of an allergic reaction it would be 
necessary to assume that the animals were already hypersensitive to 
streptococcal protein. It is not likely that in all of these dogs an allergic 
state existed because of a previous streptococcal infection. Since the 
recurrence of acute nephritis in these dogs followed repeated injections 
of the product of S. scarlatinae, these secondary renal reactions could 
be regarded as allergic, which would support Longcope’s conception of 
the production of postscarlatinal nephritis in man. 

Constant and significant structural changes occurred in the dogs in 
which nephritis was experimentally produced with scarlatinal strepto- 
cocci or ^vith the toxic product of these organisms. The lesions were 
glomerular, tubular and interstitial. As a rule, the glomeruli were 
primarily affected when the toxic principle was in the form of killed 
culture or "lysate,” regardless of whether the injection was made intra- 
venously or intraperitoneally, while, as previously reported,^® an inter- 
stitial type of lesion occurred in animals which had been inoculated with 
the living streptococci, and in Avhich a generalized infection had 
developed. The interstitial lesion was an infiltration of the intra- 
tubular tissues with lymphocytic cells. Commonly the neutrophils were 
absent or only few ; however, in some of the more advanced .stromal 
lesions they occurred, but were not as numerous as the lymphocyiic 
cells. Associated with the interstitial lesions were viable streptococci, 
which w'ere readily demonstrable in stained sections and recoverable in 
pure culture from the fresh tissues. The absence of fibroblasts or of 
any other evidence of stromal activity in the early interstitial lesion is 
significant since it indicates that the lymphocytic infiltration was a true 
reaction of the host to the injurious agent and therefore not reparatory. 
Fi'om this it may be inferred that acute interstitial scarlatinal nephritis 
of man is the same kind of reaction. 

On the other hand, the killed culture or its product produced 
primarily lesions of the glomerular capillaries, in consequence of which 
the vascular loops became occluded with thrombi and later adherent to 
Bowman’s capsule. Other glomerular tufts became enlarged through 
the appearance of numbers of endothelial cells in the lumina of the 

15. Longcope, W. T. : J. Clin. Investigation 5:7, 1927. 

16. Duval, C. W., and Hibbard, R. J.: Proc. Soc. Exper. Biol. & Med. 24: 
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capillaries. The subcapsular spaces generally contained blood in the 
form of hyaline masses, also albuminous material and desquamated 
epithelium. Later, in those subcapsular spaces where hemorrhage had 
occurred, early proliferation (formation of crescents ) was noted. 
All these structural changes caused the glomeruli to undergo further 
and more serious alteration through replacement of the destroyed 
capillary loops by fibrous tissue. 

While alterations in the tubular epithelium were not an early feature 
in either the glomerular or the interstitial type of experimental scarla- 
tinal nephritis, the tubular epithelium was affected later in the process, 
degeneration appearing, especially in the epithelium of the convoluted 
portion of the tubule. Here the lining cells became swollen through 
the presence of fluid, granules, fat and hyaline droplets. Often the 
lumen was filled with blood, desquamated epithelium and granular and 
hyaline casts. 

It seems likely that injuries to the glomeruli occasioned by the 
streptococcal toxic product account for most, if not all, of the urinary 
abnormalities, since albumin, bile, blood and the substances comprised 
in casts commonly appear in the urine simultaneously with structural 
changes that are confined to the renal tufts. The elimination of dye 
revealed the fact that the chlorides are normally filtered through the 
glomeruli and that the tubular epithelium has little or no excretory 
power for this salt. There was considerable evidence to show that the 
normal tubular epithelium is concerned mainly with the altering of 
the filtrate from the glomeruli through selective absorption by the 
lining cells. . It is further to be remarked that the secretion of uric 
acid was not affected in these animals, though in all of them there was 
marked glomerulonephritis without structural changes in the tubules. 
Thus it would seem that the tubular epithelium, and not the tufts, have 
to do with the concentration of glomerular filtrate, selecting out and 
turning back into the circulation water, chlorides, etc., since they always 
appeared histologically normal when the glomeruli were badly injured. 

Dogs with acute glomerulonephritis and no tubular changes excreted 
little urine as compared with the normal amount, indicating that the 
function of the tubular epithelium was unimpaired. Albumin and 
blood, undoubtedly have their origin in the glomerular tufts, as these 
substances occurred only when the capillaries were injured. Combined 
glomerular and tubular lesions did not quantitatively affect these 
abnormal substances in the urine. Albuminuria and hematuria always 
signified well defined alterations in the capillaries of the tufts, which 
was confirmed by histologic study. Casts were numerous and early 
in the streptococcal glomerulonephritis, because of the injured capillary 
tufts from which presumably these substances are derived, and by reason 
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In these cases, as shown by Longcope/" there are persisting foci of 
streptococci from which is absorbed a toxic pi oduct that on reaching 
the already sensitized kidneys excites new changes of an allergic nature. 

As regards the nephritis reported here I do not believe that allergy 
could have played any part in the production of the specific renal changes 
following the first injection of antigen. To explain the nephritis fol- 
lowing the primary dose on the basis of an allergic reaction it would be 
necessary to assume that the animals were already hypersensitive to 
streptococcal protein. It is not likely that in all of these dogs an allergic 
state existed because of a previous streptococcal infection. Since the 
recurrence of acute nephritis in these dogs followed repeated injections 
of the product of S. scarlatinae, these secondary renal reactions could 
be regarded as allergic, which would support Longcope’s conception of 
the production of postscarlatinal nephritis in man. 

Constant and significant structural changes occurred in the dogs in 
which nephritis was experimentally produced with scarlatinal strepto- 
cocci or with the toxic product of these organisms. The lesions were 
glomerular, tubular and interstitial. As a rule, the glomeruli were 
primarily affected when the toxic principle was in the form of killed 
culture or “lysate,” regardless of Avhether the injection was made intra- 
venously or intraperitoneally, while, as previously reported,^® an inter- 
stitial type of lesion occurred in animals which had been inoculated with 
the living streptococci, and in which a generalized infection had 
developed. The interstitial lesion was an infiltration of the intra- 
tubular tissues with lymphocytic cells. Commonly the neutrophils were 
absent or onl}’’ few ; however, in some of the more advanced .stromal 
lesions they occurred, but were not as numerous as the lymphocytic 
cells. Associated with the interstitial lesions were viable streptococci, 
which were readil}'- demonstrable in stained sections and recoverable in 
pure culture from the fresh tissues. The absence of fibroblasts or of 
any other evidence of stromal activity in the early interstitial lesion is 
significant since it indicates that the lymphocytic infiltration was a true 
reaction of the host to the injurious agent and therefore not reparatory. 
From this it may be inferred that acute interstitial scarlatinal nephritis 
of man is the same kind of reaction. 

On the other hand, the killed culture or its product produced 
primarily lesions of the glomerular capillaries, in consequence of which 
die vascular loops became occluded with thrombi and later adherent to 
Bowman’s capsule. Other glomerular tufts became enlarged through 
the appeara nce of numbers of endothelial cells in the lumina of the 
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capillaries. The subcapsular spaces generally contained blood in the 
form of hyaline masses, also albuminous material and desquamated 
epithelium. Later, in those subcapsular spaces where hemorrhage had 
occurred, early proliferation (formation of “crescents”) was noted. 
All these structural changes caused the glomeruli to undergo further 
and more serious alteration through replacement of the destroyed 
capillary loops by fibrous tissue. 

AVhile alterations in the tubular epithelium were not an early feature 
in either the glomerular or the interstitial type of experimental scarla- 
tinal nephritis, the tubular epitheliiim was affected later in the process, 
degeneration appearing, especially in the epithelium of the convoluted 
portion of the tubule. Here the lining cells became swollen through 
the presence of fluid, granules, fat and hyaline droplets. Often the 
lumen was filled with blood, desquamated epithelium and granular and 
hyaline casts. 

It seems likely that injuries to the glomeruli occasioned by the 
streptococcal toxic product account for most, if not all, of the urinary 
abnormalities, since albumin, bile, blood and the substances comprised 
in casts commonly appear in the urine simultaneously with structural 
changes that are confined to the renal tufts. The elimination of dye 
revealed the fact that the chlorides are normally filtered through the 
glomeruli and that the tubular epithelium has little or no excretory 
power for this salt. There was considerable evidence to show that the 
normal tubular epithelium is concerned mainly with the altering of 
the filtrate from the glomeruli through selective absorption by the 
lining cells. . It is further to be remarked that the secretion of uric 
acid was not affected in these animals, though in all of them there was 
marked glomerulonephritis without structural changes in the tubules. 
Thus it would seem that the tubular epithelium, and not the tufts, have 
to do with the concentration of glomerular filtrate, selecting out and 
turning back into the circulation water, chlorides, etc., since they always 
appeared histologically normal when the glomeruli were badly injured. 

Dogs with acute glomerulonephritis and no tubular changes excreted 
little urine as compared with the normal amount, indicating that the 
function of the tubular epithelium was unimpaired. Albumin and 
blood, undoubtedly have their origin in the glomerular tufts, as these 
substances occurred only when the capillaries were injured. Combined 
glomerular and tubular lesions did not quantitatively affect these 
abnormal substances in the urine. Albuminuria and hematuria always 
signified well defined alterations in the capillaries of the tufts, which 
was confirmed by histologic study. Casts were numerous and early 
in the streptococcal glomerulonephritis, because of the injured capillary 
tufts from which presumably these substances are derived, and by reason 
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of the fact that their formation is aided in the lumina of the tubules 
through the abstraction of water by the normal tubular epithelium. 

Dogs in which there was induced an acute glomerular nephritis 
with the toxic product of scarlatinal streptococci returned, after a 
period of weeks, to a normal function, even though microscopic study 
of the sections of the kidney, still showed persistence of glomerular and 
tubular injuries, both acute and chronic. The ability of such animals 
to regain the normal function under these circumstances depended 
apparently not on regeneration, but on the fact that much of the renal 
parenchyma had escaped injury and was adequate for the carrying on 
of the renal function that is consistent with health. Dogs that were 
unable to effect a return to normal function after they had shown all 
the clinical evidence of acute glomerular nephritis and had finally 
succumbed may be regarded as suffering from a severe primary effect 
which involved too great a number of the glomeruli. These dogs 
showed the functional expression and structural changes incident to 
chronic diffuse nephritis. 

CONCLUSIONS 

In all essentials the renal lesions of experimental scarlatinal nephritis 
in the dog correspond to those of scarlatinal nephritis in man. In dogs 
the toxic product of S. scarlatinae has a selective action on the kidney 
resulting commonly in acute glomerulonephritis. This nephrotoxin 
primarily affects the endothelium of the glomerular blood vessels, 
causing in them an albuminous and fatty degeneration. The capillary 
endothelial lesions are frequently followed by hyaline thrombi and the 
rupture of the blood vessels with hemorrhage into the subca'psular space. 
Secondar}'’ changes of a retrograde character occur in the tubular 
epithelium, more especially in that of the convoluted portion. 

The “killed” culture of scarlatinal streptococci acts in the same 
manner as the lysate in the production of experimental nephritis. A 
single large dose of this nephrotoxin often causes a fatal acute hemor- 
rhagic glomerulonephritis. Furthermore, in dogs surviving the acute 
nephritis from a single dose chronic diffuse nephritis commonly develops 
weeks and months afterward. “Living” scarlatinal streptococci cause, 
in addition to glomerular lesions, an interstitial nephritis characterized 
by an intertubular lymphocytic infiltration. 

The renal injury produced by one dose of scarlatinal nephrotoxin 
is always aggravated by a second injection. Such an exacerbation may 
be regarded as allergic, since the primary dose may have induced a 
hypersensitive state of the kidney. However, it is my belief that the 
lesions following the first dose are not allergic, but are caused by the 
destructive action of the streptococcal poison. 
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The urinary findings in acute nephritis in the dog are in general a 
fairly reliable index to the character and location of the renal lesions. 
Blood in the urine indicates hemorrhage into the subcapsular space. 
Hyaline casts are indicative of an impairment of glomerular function, 
which increases as the injury becomes intensified. Granular casts 
signify degeneration of the tubular epithelium. Albumin appears in 
the urine when there are degenerative changes of the glomeruli. Severe 
injury to the glomerular structures invariably causes a reduction in the 
amount of urine, while additional injury to the tubular epithelium does 
not further depress elimination. 

The experimental nephritis produced in the dog with the toxic 
product of S. scarlatinae has afforded the opportunity to trace the 
progress and relationship of the various anatomic changes, and to cor- 
relate these with renal physiologic disturbances as expressed by abnormal 
substances in the urine. 



ANOMALOUS ORIGIN AND COURSE OF THE LEFT 

CORONARY ARTERY* 


ARTHUR R. KINTNER, M.D. 

Fellow in Medicine, the Maj'o Foundation 

ROCHESTER, MtNN. 

Anomalies of the origin and course of the coronary arteries are 
common, but the particular anomaly described here is so rare that 
reporting it seems justifiable. 

A man, aged 65, came to the Mayo Clinic because of symptoms of urinary 
obstruction due to benign hypertrophj’' of the prostate gland. Prostatectomy was 
performed, and six days afterward the patient died. Death was due to embolic 
pneumonia and renal insufficiency. 

Examination of the heart at necropsy disclosed only one coronary orifice. This 
was situated behind the right anterior aortic cusp, in the position normally occupied 
by the orifice of the right coronary artery. It was considerably larger than the 
normal coronary orifice, measuring 4.5 mm. in diameter, as against a normal 
orifice of 3 mm. This was found to be the common orifice for the two arteries, 
the larger of which curved toward the right, to enter and follow the right part 
of tlie coronary sulcus to the posterior surface of the heart. All branches of 
sufficient size to permit being opened or probed were traced carefully; the course 
and distribution appeared to be identical with that of the normal right coronary 
artery. 

The smaller artery, which must be regarded as an anomalous left coronary 
arter}'-, passed downward and to the left, at the root of the aorta and beneath the 
muscle of the posterior wall of the right ventricle. In this situation it was about 
1 cm. below the valves of the pulmonary artery. It passed directly to the left, 
lost its relationship to the anterior wall of the aorta and took its course through 
the muscle of the right ventricle. On reaching the interventricular septum, it 
curved anteriorly in the right half of the septum, to reach the anterior surface of 
the heart. Three millimeters deep in the septum it gave off a branch, which 
passed downward through the muscle for a distance of 1 cm.; there it became 
superficial and continued its downward course to the apex. 

Immediately after the main branch emerged from the interventricular septum, 
it divided into two branches, an ascending branch and a descending branch. The 
ascending branch, which was the larger, turned acutely upward and slightly to 
the right for a short distance. Continuing its upward course, it then curved 
slightly to the left to reach the left part of the coronary sulcus. From this point 

* Submitted for publication. May 2, 1931. 
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it followed the course of the normal circumflex branch of the left coronary artery 
to the posterior surface of tire left ventricle. The descending branch took its 
course downward and to the left, and gave rise to several smaller vessels. These 
small vessels definitely descended toward the apex. The two descending branches 
of the left main artery appeared to furnish the blood supply to most of the area 
which is normally supplied by the anterior descending branch of the left coronary 
artery (figs. 1 and 2). 

Abbott/ in her extensive consideration of congenital cardiac disease, 
stated that both coronary arteries may arise behind a single aortic 
cusp, or that one coronary artery may be absent. However, she did 
not give definite details. Bochdalek - described a case in which there 
was one coronary orifice behind the right anterior cusp of the aorta, 
and from this there arose one abnormally large artery, which, after 
a short distance, divided into three branches; the first took the course 
that is normally taken b}^ the right coronary artery; the second took 
the course of the circumflex branch of the normal left coronary artery, 
and the third passed to the left, through the muscle of the posterior 
wall of the right ventricle. It finally passed anteriorly, through the 
interventricular septum, to reach the surface of the heart, and turned 
downward, taking a course similar to that of the anterior descending 
branch of the left coronary artery. 

Engelman ® quoted Hyrtl, Thebesius, Otto and Cruveilhier, who 
had observed that the two coronary arteries may arise either from a 
common trunk or from one sinus of Valsalva. He recorded a case 
of his own in which there was onl}'- one coronary orifice; it was situated 
behind the left anterior aortic cusp, and from this, one large artery arose 
which soon divided into two branches. One branch passed to the left, 
as does the circumflex branch of the normal left coronary artery. The 
other branch passed downward for a distance of 0.5 cm., where a 
relatively small branch passed to the right between the roots of the 
aorta and pulmonary artery and continued its course in the right coro- 
nary sulcus to the posterior surface of the heart. Engelman considered 
this branch as the right coronary artery arising from a branch of the 

1. Abbott, Maude E. : Congenital Cardiac Disease, in Osier, William; and 
AIcCrae, Thomas; Modern Medicine, ed. 3, Philadelphia, Lea & Febiger 1927 
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left coronary artery. The main descending branch continued its course 
downward for a distance of 0.5 cm., where it divided into two branches. 
The smaller of these branches took the course of the anterior descend- 
ing branch of the normal left coronar}^ artery. The larger branch, 
which he called an abnormal branch, passed downward and slightly 
to the right, over the anterior surface of the right ventricle, and con- 
tinued over the right border of the heart to the posterior surface of 
the right ventricle. 

Gallavardin and Ravault reported a case apparently identical with 
the one that I have described. 

Smith and Graber ° reported the congenital absence of the left 
coronary artery. A small artery, coui-sing to the left, was given off by 
the main artery. 

4. Gallavardin, L., and Ravault, P. : Anomalie d’origine de la coronaire 
anterieure, Lyon med. 136:270, 1925. 

5. Smith, F. M., and Graber, V. C. ; Coronary Thrombosis with Congenital 
Absence of the Left Coronary Artery, Arch. Int. Med. 38:222, 1926. 



HOMOIOTRANSPLANTATION AND HETEROTRANS- 
PLANTATION IN THE GUINEA-PIG 


EFFECTS OF GRADED DEGREES OF HEAT ON CARTILAGE AND ON 

THYROID GLAND * 

WALTER J. SIEBERT, M.D. 

ST. LOUIS 

In a series of papers Loeb has analyzed the factors that determine 
tlie reaction of the host against transplanted tissue.^ These observations 
established the fact that there are characteristic qualitative and quan- 
titative differences in the reaction of the host against homoiotrans- 
planted, as compared with that against heterotransplanted, tissues. Loeb 
attributed these characteristic reactions of the host to substances given 
off by the transplanted tissues, and he designates these substances as 
homoiotoxins and heterotoxins, which differ from each other in the 
intensity and also in the character of the reactions which they call forth. 
There were strong indications that typical homoioreactions were elicited 
only by living tissue, whereas heteroreactions were called forth also 
by nonmetabolizing tissue, such as coagulated blood. It is of interest 
in this connection that Loeb and Drake found it possible to produce 
various grades of injury in amehoc)Te tissues by heating the tissues 
within a relatively small range of temperature and time of exposure, and 
by this means were able to reduce the activity of the cells to various 
stages intermediate between normal function and death." Similarly 
in his earlier experiments, Loeb was able to reduce the growth energy 
of transplantable tumor tissue by subjecting the tissue to graded degrees 
of heat and also to the action of certain chemicals before transplan- 
tation.® 

It was thought, then, to be of importance to determine if by reducing 
the activity of various normal tissues b)’’ exposing them to graded 
intensities of heat before homoiotransplantation, the reaction of the 
host would be decreased in proportion and whether any parallelism 
could be found between the reduction in growth activity' of the transplant 
and tbe diminution in the intensity of the reaction of the host. In 
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addition it was hoped that an answer would be found to the question 
whether any differences exist in these regards between the behavior of 
tissues that have a great potentiality to proliferate mitotically, such as 
those of the thyroid gland, and that of tissues that have less capacity to 
grow by mitotic division, such as cartilage; and, also it was hoped to 
study any differences that may exist in these respects between 
homoiotransplantation and heterotransplantation. 

METHOD 

For this purpose the thyroid glands and pieces of xiphoid cartilage of guinea- 
pigs and of rats were excised and pieces placed in test tubes containing sterile 
Ringer’s solution. These test tubes were then immersed in a water bath of con- 
stant temperature, which had been previously heated to the desired temperature; 
the various temperatures used were 43, 45, 47, 49 and 51 C. Series of pieces of 
tissue were allowed to remain in the waterbath at each of these temperatures for 
fifteen, thirty and forty-five minutes, respectively. The pieces were then trans- 
planted into subcutaneous pockets of guinea-pigs. In the case of heterotransplan- 
tation thyroid glands and cartilage of rats were transplanted into guinea-pigs. In 
every case the transplants were removed after twenty days, and sections were made 
for microscopic study. 

HOMOIOTRANSPLANTATION OF THVrOID GLAND 

Heated at 43 C . — The recovered thyroid gland homoiotransplants that 
had been heated at 43 C. for fifteen, thirty and forty-five minutes, 
respectively, consisted in each case, chiefly of a central necrotic portion 
in which some colloid masses were seen, a few of which were lined by 
living acinar cells. This central necrotic portion was surrounded by 
fibrous tissue in which no remaining thyroid gland tissue was found. 
There were a number of clumps of lymphocytes and many scattered 
lymphocytes throughout the connective tissue. The surrounding trans- 
planted fat tissue was fairly well preserved, but some scattered as well 
as massed lymphocytes and a small amount of connective tissue had 
invaded it. There were no essential differences between the transplants 
.that had been heated for fifteen, thirty and forty-five minutes, respec- 
tively. 

Heated at 45 C . — The homoiotransplants that had been heated at 
45 C. for fifteen, thirty and forty-five minutes, respectively, consisted, 
in each case, chiefly of a small necrotic central portion, surrounded by a 
great mass of dense fibrous tissue through which there was scattered 
only a rather small number of lymphocytes. Connective tissue had 
penetrated into and replaced the greater part of the necrotic central 
portion of the transplanted tissue. There were a few remnants of 
thyroid gland acini, among which a few epithelial cells were still well 
preserved. However, no colloid was seen in any of the sections. The 
surrounding fat tissue was fairly well preserved, but many foreign body 
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giant cells were seen, replacing portions of fat tissue. No essential 
differences existed between the various specimens exposed for the 
different periods of time. 

On the whole in these specimens, as compared with those that had 
been heated at 43 C., there was a rather definite decrease in the number 
of lymphoc 3 ^tes, with an increase in the amount of connective tissue. 
Giant cells were also more abundant in the fat tissue in this series 
than in the former one. 

Heated at 47 C . — In the homoiotransplants that had been heated at 
47 C. for fifteen, thirty and forty-five minutes, respectively, some 
differences in appearance were noted that accorded with the time of 
heating. In those that had been heated for fifteen minutes there was 
found chiefly a completely fibrosed mass of tissue, through which were 
scattered considerable numbers of single lymphocytes, as well as small 
masses of lymphoc 3 des. The central necrotic mass, as well as the sur- 
rounding fat tissue, was almost entirely replaced b 3 '^ fibrous tissue. No 
thyroid gland tissue or colloid remained. 

The transplants that had been heated for thirty minutes consisted 
chiefly of loose vascular connective tissue surrounding a central dense 
fibrous mass. L 3 anphocytes were scarce in these sections. The trans- 
planted fat tissue was well preserved, and there was practicall 3 '^ no 
reaction on the part of the connective tissue and l 3 unphocytes, nor were 
there giant cells about it. No thyroid gland tissue remained. 

The transplants that had been heated for forty-five minutes showed 
no trace of tlwroid gland; l 3 nnphoc 3 des were practically absent. How- 
ever, there was a small amount of connective tissue present, and the 
transplant consisted chiefl 3 r of fat and rather loose connective tissue. 
The fat was being phagocytosed by large mononuclear cells. 

Heated at 49 C . — The homoiotransplants that had been heated at 
49 C. for fifteen minutes consisted chiefl 3 '^ of necrotic material and of 
fat tissue, which was being phagocytosed by large mononuclear cells, 
or of fibrous tissue that had replaced the necrotic tissue. There was 
only a slight connective tissue reaction. No thyroid gland tissue- 
remained preserved. Lymphocytes were practically absent in the tissue. 
While those heated for fifteen minutes showed considerable necrosis 
and onl 3 - a small amount of connective tissue, those heated for forty- 
five minutes showed no necrotic tissue and a large amount of connective 
tissue. In this case the connective tissue appeared to have entirel 3 '’ 
replaced the central necrotic mass that was noticeable in practically the 
whole former series. 

Heated at 51 C . — The pieces of th 3 Toid gland that had been heated 
at 51 C. for fifteen, thirt 3 ’^ and fort 3 ’’-five minutes and then transplanted 
sliowed no essential difference from those that had been heated at 49 C. 
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Therefore, on the whole in this series, the lymphocytic reaction of the 
host in homoiotransplantation of thyroid gland varied inversely with 
the increased degree of heating, Avhile the connective tissue reaction 
varied directly Avith the increased degree of heating; the greater the 
degree of heating the greater Avas the connective tissue reaction. 
HoAvever, since no thyroid gland remained preserved in the specimens 
heated to the higher degrees, it is not possible to ascertain whether the 
reaction noted occurred at a time when some tissue of the thyroid gland 
remained or Avhether it occurred subsequently to the destruction of 
the thyroid gland tissue. Additional experiments in Avhich the time of 
examination is varied are necessary for the determination of this 
point. 

HETEROTRANSPLANTATION OF THYROID GLAND 

Heated at 43 C. — In the rat thyroid glands that had been heated at 
43 C. for fifteen, thirty and forty-fiA^e minutes, respectively, and then 
transplanted to guinea-pigs there was found chiefly a very Avascular 
connective tissue in which no remnants of preserved thyroid gland tissue 
Avere seen. Lymphocytes and polymorphonuclear leukocytes Avere 
abundant in all the sections, but the relative proportions of the lympho- 
cytes and the polymorphonuclear leukocytes varied; in some specimens 
polymorphonuclear leukocytes predominated, while in others the lympho- 
cytes were more numerous. The fat tissue Avas to a lai-ge extent replaced 
b)’- connective tissue. Only occasional giant cells were seen. 

Heated at 45 C . — ^The heterotransplants that had been heated to 
45 C. for fifteen, thirty and forty-five minutes were found to be very 
similar to those described in the foregoing paragraph, except that the 
lymphocytes were perhaps somewhat less numerous in the series heated 
at 45 C., so that the polymorphonuclear leukocytes predominated in the 
majority of the sections. 

Heated at 47 C. — In the heterotransplants heated at 47 C. for fifteen, 
thirty and forty-five minutes again no preserved thyroid gland tissue 
was found. They consisted in each case chiefly of a mass of vascular 
connective tissue in the center of which there was a small area of necrosis 
Avhich. contained varying numbers of polymorphonuclear leukocytes and 
necrotic debris. The lymphocytes were somewhat fewer and more 
scattered as compared with those in the transplants that had been heated 
at 45 C. The polymorphonuclear leukocytes were also somewhat 
decreased in number, but the connective tissue reaction was, on the 
Avhole, someAvhat greater. 

Heated at 49 and 51 C. — The heterotransplants that had been heated 
at 49 and 51 C. foi fifteen, thirty and forty-five minutes consisted 
chiefly, in each case, of a mass of A'^ascular connective tissue among the 
cells of Avhich there Avere considerable numbers of scattered lymphocytes 
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and polymorphonuclear leukocytes. The fat tissue was invaded by large 
mononuclear phagocytic cells, fibroblasts and some polymorphonuclear 
leukocytes. Giant cells were scarce. No remnants of thyroid gland were 
seen. 

On the whole, I found very noticeable differences between the 
reactions of the host to heterotransplants as compared with those to 
homoiotransplants, so far as in the former specimens polymorphonuclear 
leukocytes were found in great numbers, while in the latter specimens 
they were scarce or entirely absent. Furthermore, the heating of the 
heterotransplants was effective to only a slight degree in reducing 
the polymorphonuclear and lymphocytic reactions of the host, while the 
lymphocytic reaction of the host to homoiotransplants was reduced very 
markedly by the heating. In heterotransplantation as in homoiotrans- 
plantation the connective tissue reaction was greater in the specimens 
that had been heated at the higher degrees of temperature, as compared 
with those that had been heated at the lesser degrees. 

HOJrOIOTRANSPLANTATION OF CARTILAGE 

Heated at 43 C . — The homoiotransplanted cartilage that had been 
heated at 43 C. for fifteen, thirty and forty-five minutes consisted of 
cartilage, perichondrium and the surrounding fat and connective tissue, 
all of which were in a fair state of preservation. Surrounding the 
transplant there was a marked lymphocytic and connective tissue reac- 
tion, which extended into the fat tissue and slightly into the cartilage, 
especially in areas in which some injury had occurred in the latter. 
There were also noted occasional giant cells in the surrounding fat 
tissue. On the. whole, these transplants appeared similar to homoio- 
transplants of unheated cartilage removed at the same time. 

Heated at 45 C . — In the homoiotransplanted cartilage and surround- 
ing tissue that had been heated at 45 C. for fifteen minutes, the results 
were similar to those described in the foregoing paragraph : no effects of 
the heating were observable. On the other hand, the cartilage transplants 
that had been heated for thirty minutes showed what was interpreted 
as mild effects of the heating. The cartilage cells were no longer. clearly 
discernible in the red-staining peripheral areas, although in the large 
majority of cases in the more central areas the transplanted cartilage 
cells were still fairly well' preserved. There was a marked lympho- 
cytic and connective tissue reaction, which in some cases extended into 
the cartilage. 

The transplanted cartilage that had been heated for forty-five minutes 
was also in a fair state of preservation, although the zone of destroyed 
cartilage was somewhat greater here than in the cartilage that had been 
heated for only thirty minutes. As far as the number of h'mphocytes 
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or the intensity of the connective tissue reaction was concerned there 
was no appreciable difference between these specimens and the pre- 
viously described grafts. 

Heated at 47 C . — ^Heating for fifteen minutes at 47 C. resulted in 
still greater injury to the cartilage cells, the cartilage now staining 
deeply with eosin throughout, instead of with hematoxylin in the central 
parts, as is usually the case in the areas where the cartilage is thicker. 
Cartilage cells were scarce, although the perichondrial cells appeared 
little altered. Lymphocytes were present, but in numbers definitely less 
than in those transplants that had been heated at 45 C. The connective 
tissue reaction showed no appreciable quantitative change. The trans- 
planted connective tissue surrounding the cartilage was hyalinized and 
was in the process of replacement by newly formed connective tissue of 
the host. Those specimens that had been heated for thirty minutes 
generally showed the cartilage cells to be almost entirely destroyed, 
whereas the perichondrial cells remained well preserved and in the 
majority of cases displayed some proliferative activity. Hypertrophic 
spindle-shaped cells penetrated into the destroyed cartilage and formed 
new cartilage. In order to determine whether this regeneration of 
cartilage occurred specifically in those transplants that had been heated 
at 47 C. for thirty minutes, an additional series of experiments was 
carried out in which the cartilage was heated at 47 C. for fifteen, thirty 
and thirty-five minutes. Six pieces were heated for thirty-five minutes, 
six for fifteen minutes and twelve for thirty minutes. Seven of the 
twelve that had been heated for thirty minutes showed some regeneration 
of cartilage, whereas three of the six that had been heated for fifteen 
minutes showed it, and only one of the six that had been heated for 
thirty-five minutes showed it. 

The lymphocytic reaction throughout this series was either entirely 
absent or present only as a few scattered cells in the. surrounding fat 
and connective tissue. The connective tissue reaction was also dimin- 
ished to some extent, although the greater part of the fat and connective 
tissue that surrounded the cartilage had been replaced by loose vascular 
connective tissue of the host. 

It seems that in heating the cartilage for from fifteen minutes to 
thirty-five minutes at 47 C. before homoiotransplantation the cartilage 
was injured to such a degree that it became necrotic following trans- 
plantation, whereas the perichondrium evidently remained alive. Then, 
in accordance with the observations of Loeb,-* the contact with the 
necrotic cartilage stimulated the perichondrial cells to proliferate to 
form new cartilage cells, which in some cases pushed their way into and 
replaced considerable amounts of the necrotic cartilage. It seems that this 

4. Loeb, Leo: Am. J. Path. 2:111 and 315, 1926. 
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regeneration of cartilage occurred at its optimum in the specimens 
that had been heated at 47 C. for thirty minutes. 

In those heated at 47 C. for forty-five minutes, the entire trans- 
planted tissue, including cartilage matrix, cartilage cells, perichondrium 
and the surrounding fat and connective tissue stained homogeneously 
with eosin. There were no preserved cells in the transplanted tissue. 
There was practically no connective tissue or lymphoc 3 dic reaction 
noticeable, and the transplant lay as an inert mass in the meshes of a 
network of loose edematous connective tissue. 

Heated at 49 and at 51 C . — The homoiotransplants heated at 49 and 
at 51 C. for fifteen, thirty and forty-five minutes showed essentially 
the same pictare as those that had been heated at 47 C. for forty-five 
minutes. Occasional!)^ a few lymphocytes were seen, and occasionally 
the connective tissue was somewhat dense, instead of loose and edema- 
tous. Phagoc 3 "tic cells and foreign bod)'^ giant cells penetrated in rather 
large numbers into the peripheral portions of the transplanted tissue. 

HETEROTRANSPLANTATIOl^ OF CARTILAGE 

Heated at 43 C . — The heterotransplants of cartilage that had been 
heated at 43 C. for fifteen, thirt)'’ and forty-five minutes consisted in 
each case of a necrotic mass of cartilage surrounded by masses of 
tymphocytes and polymorphonuclear lenkoc 3 des and connective tissue. 
Xo cartilage cells remained. The cells of the perichondrium in a few 
cases, however, appeared fairl)' well preserved. There was no regenera- 
tion of cartilage. 

Heated at 45 C . — The heterotransplants that had been heated at 
45 C. for fifteen, thirty and fort 3 ’^-five minutes showed no preserved 
cartilage cells ; the cells of the perichondrium were also destro 3 'ed. There 
were considerable numbers of scattered lymphocytes, and a few clumps 
of these cells and some polymorphonuclear leukoc 3 '’tes were present. 
Both of these elements were perhaps somewhat decreased as compared 
with the transplants that had been heated at 43 C. On the other hand, 
the connective tissue reaction was possibly somewhat greater here than 
in the former series. 

Heated at 47 C . — The heterotransplants that had been heated at 
47 C. for fifteen, thirt)’^ and fort 3 '^-five minutes presented a picture very 
similar to that seen in the heterotransplants that had been heated at 
45 C. The cartilage and the surrounding fat and connective tissue were 
entirely necrotic, and there were considerable numbers of tymphocytes 
and occasional pol 3 anorphonucIear leukoc 3 "tes in the surrounding tissues. 
There. was little penetration of these cells into the cartilage. The con- 
nective tissue reaction appeared to be slighti)’- stronger in these than in 
the transplants heated at 43 and at 45 C. 
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Heated at 49 and at 51 C.— Pieces of cartilage heated at 49 and 
at 51 C. for fifteen, thirty and forty-five minutes appeared very similar 
to those heated at 47 C. Each consisted of necrotic cartilage which lay 
in the center of a network of edematous hyaline fibrous tissue through 
which were scattered considerable numbers of lymphocytes and poly- 
morphonuclear leukocytes. Occasional giant cells were seen in the 
tissues that surrounded the transplant. 

CONCLUSIONS 

Heating thyroid gland at degrees of heat ranging from 43 to 51 C. 
preceding homoiotransplantation causes a marked lessening of the 
lymphocytic reaction of the host ordinarily occurring after homoio- 
transplantation. The connective tissue reaction, however, appears to be 
somewhat increased with the heating to the higher degrees. 

Heating thyroid gland at graded degrees preceding heterotransplan- 
tation is only slightly effective in diminishing the reaction of poly- 
morphonuclear leukocytes and lymphocytes of the host ordinarily 
occurring after heterotransplantation. The connective tissue reaction 
also appears to be somewhat greater here than that ordinarily occurring 
after heterotransplantation of unheated thyroid gland. 

Exposing cartilage to graded degrees of heat preceding homoio- 
transplantation causes a marked and graded decrease in the lympho- 
cytic reaction as well as in the connective tissue reaction of the host 
ordinarily occurring after homoiotransplantation of cartilage. This 
reduction in the reaction of the host is concomitant with a marked 
increase in the growth activity of the transplanted cartilage, as mani- 
fested by hypertroph}^ and hyperplasia of the perichondrial cells, which 
proliferate and lay down new cartilaginous matrix. This regeneration 
of cartilage occurs at its optimum in transplants of cartilage that have 
been heated at 47 C. for thirty minutes before transplantation. 

Heating cartilage at graded degrees of heat preceding heterotrans- 
plantation is only slightly effective in causing a reduction in the 
polymorphonuclear leukocytic and lymphocytic reactions of the host 
ordinarily occurring after heterotransplantation. The connective tissue 
reaction on the part of the host against the transplanted tissue appears 
to be somewhat increased in amount over that which occurs ordinarily 
against unheated cartilage. 

Homoiotransplants killed before transplantation by mild degrees of 
heat no longer elicit a homoioreaction, while heterotransplanted tissue, 
under the same conditions, still calls forth a definite heteroreaction on' 
the part of the host. 



Laboratory Methods and Technical Notes 


METHOD FOR EXAMINING THE APPENDIX ' 
Bernhard Steinberg, M.D., Toledo, Ohio 
DEMONSTRATION OF A PERFORATION OF THE APPENDIX 

Perforations in gangrenous appendixes are not as easily demonstrable 
as is believed. In my experience, gangrenous appendixes that presuma- 
bly should be perforated were not, and vice versa. Even the histologic 
picture is frequently deceptive. What appears to be a frank necrosis 

s. 





A method of demonstrating the presence and location of a perforation in an 
appendix. 

involving all the coats of a part of an appendix fails to reveal a perfora- 
tion. The method suggested allows the determination of a perforation 
and the localization of the lesion. 

An ordinary 5 or 10 cc. syringe is partly filled with a weak solution of eosin. 
A needle is attached to the syringe, and the needle is introduced into the lumen of 
the appendix through its proximal end. A hemostat is applied over the appendix 
and needle to keep the needle in place and to prevent the escape of the eosin (fig.)- 
The hemostat is applied over that part of the appendix which shows the hemostat 
markings made by the surgeon. The piston of the syringe is gently pushed down 
so that the eosin solution runs into the appendical lumen. At the point of perfora- 

* Submitted for publication, June 29, 1931. 

* From the Laboratories and Department of Medical Research, Toledo Hospital. 
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tion, tlie eosin escapes through the wall and marks the point of the perforation. 
This method of filling the appendix was found preferable to the introduction of 
the fluid by gravity. The slight pressure exerted was. not found to produce arti- 
ficial perforations in gangrenous appendixes. If a permanent record is desired 
of the perforation and its location, iodized poppy seed oil 40 per cent may be 
introduced instead of eosin and a roentgenogram taken. 

A METHOD OF CUTTING AND SECTIONING THE APPENDIX 

The method that is commonly employed in cutting appendixes for 
gross and histologic study consists in making several transverse sections 
across the length of the organ. Such a method allows only an inspec- 
tion of isolated parts and destro3'-s relationships. If ten sections are 
made, the chance of locating a lesion histologically is 1 : 100,000 in an 
appendix 6 cm. in length and with sections 6 microns in width. The 
following method permits gross inspection of the lumen and of the wall 
of the entire organ and preserves the relationship of lesions to normal 
areas. 

After the appendix is received from the operation room, it is placed in a 10 
per cent formaldehyde solution for from six to twenty-four hours. The organ is 
then removed from the fixative and cut longitudinally with a long and flat-bladed 
knife. The cut is begun at the tip of the appendix with the heel of the knife and 
carried longitudinally through the approximate middle of the organ. The appendix 
is supported gently with the left hand, and the knife is carried in a single cut to 
avoid an irregular surface. At the completion of the section, two equal halves are 
obtained. Each half of the organ shows the lumen, its contents and the wall. 

For histologic sections one or both halves may be used. Any method of 
handling the tissue preparatory to embedding may be employed. However, in my 
experience, it is preferable to use alcohol for dehydration and chloroform for 
clearing. Either celloidin or Warthin’s celloidin sheet method or paraffin embed- 
ding may be selected. The paraffin method requires more skill and care in pre- 
venting wrinkles and tears. Sections 6 microns in width are made through various 
levels in which the appendical lumen persists. From five to ten sections will give 
a composite picture of the entire organ. The sections allow the determination of 
the width of the lumen and the relation of the opposing surfaces, and make it pos- 
sible to study the whole length of the appendix in a single or two sections. 


THE USE OF BUTYL ALCOHOL IN THE PREPARATION 
OF PARAFFIN SECTIONS * 

William A. Hewitt, San Francisco 

Tissue properly fixed in 10 per cent formaldehyde (any other fixative may 
be used) is rinsed in tap water to remove excess formaldehyde and then treated 
by immersion in 50 per cent alcohol (ethyl or methyl) for two hours, then in 
80 per cent alcohol (ethyl or methyl) for two hours and then in 95 per cent 
alcohol (ethyl or meth}'!) for two hours or over night. 

* Submitted for publication,' May 29, 1931. 

*From the Department of Patholog 3 % University of California Medical 
School. 
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From 95 per cent alcohol the tissues are put directly into butyl alcohol (azo 
or normal), two changes covering a period of six hours, or the tissues may be 
left in the butyl alcohol over night without harmful results. From butyl alcohol 
the tissues are placed directly in paraffin (melting point from 56 to 58 C.), 
about three changes covering a period of twenty-four hours. They are then 
embedded. If one desires to put sections through more rapidly, as is required 
with surgical specimens, the same procedure can be followed by keeping all solu- 
tions in the oven at from 56 to 58 C. Sections can be completed in thirty-six 
hours. 

The advantages of butyl alcohol are as follows: There is little 
of the shrinkage of tissue that occurs with absolute alcohol and xylene. 
Tissue can be left in butyl alcohol for from a day to a week, without 
harmful results. Large sections can be cut and ribboned with ease. 
The elimination of absolute alcohol and xylene means a tremendous 
saving in expense, for there is little evaporation of butyl alcohol, and 
a gallon, costing approximately |3.50, will do the same amount of work 
as 4 gallons of xylene and 5 gallons of absolute alcohol, costing approxi- 
mately $30. 



General Review 


THE ETIOLOGY OF POSTVACCINIAL ENCEPHALO- 
MYELITIS * 

RICHARD THOMPSON, M.D. 

NEW YORK 

SYNOPSIS 

Clinical Picture 
Epidemiolog}'' 

Period of Incubation 

Incidence in Relation to Number of Vaccinations 
Grouping of Cases 
Rural Distribution 

Incidence Considered in Relation to Strain of Virus Used, and in Relation to 
Reaction at Site of Vaccination 
Incidence in Relation to that of Other Nervous Diseases 
Incidence in Relation to Age 
Morbid Anatomy 
Possibly Related Conditions 

Encephalomyelitis Complicating Smallpox 
Encephalomyelitis Complicating Measles 
Nervous Complications of Varicella 
Nervous Complications of Mumps 
Other Postinfection Encephalitides 
Paralysis Complicating Antirabic Treatment 
Independent Conditions 

Theories Regarding the Etiology of Postvaccinial Encephalitis 
Accidental Relationship 
Vaccinia Virus as the Direct Cause 
Activation of Some Other Virus 
Allerg}' 

Prophylaxis and Treatment 
Summary 

The occurrence, in recent years, of a serious acute disease of the 
central nervous system complicating the oldest and as yet the most 
effective of the procedures for immunization has attracted widespread 
concern. Although general attention was first called to the possibility 
that such a complication occurs by the report of Lucksch in 1924,^ 

* Submitted for publication, Feb. 7, 1931. 

From the Department of Bacteriology, College of Physicians and Surgeons. 
Columbia Universit 3 ^ 

1. Lucksch, Franz: Med. Klin. 20:1170, 1924. 
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it was apparently first recognized in 1922 in England when four 
patients with an acute fatal nervous condition and a history of recent 
vaccination Avere admitted to the London Hospital. The essential 
lesions, as found at aiAtopsy, were those of an acute diffuse nonpurulent 
encephalomyelitis. Further inquiry revealed seven similar cases in 
the London area. Turnbull and McIntosh, in 1926,- reported these 
cases with full pathologic observations, and included the reexamination 
of a similar case that occurred in 1912. During the summer of 1923, 
fifty-one other cases were reported in various districts throughout 
England, and in November of that year the Andrewes committee was 
appointed by the Minister of Health to investigate the condition.^ 

In Bohemia, in 1923, Lucksch ^ performed autopsies in three cases 
of nervous disease closely following vaccination, and at first considered 
the pathologic changes to be those of epidemic encephalitis. In Hol- 
land, in 1924 and 1925, reports of thirty-five cases were collected b}' 
Bastiaanse,“ and sporadic cases were reported from various other 
countries in Europe (Stiner,® Hauswirth,^ Frommel and Baumgartener,® 
Jehle,® Report of League of Nations Commission on Vaccination^®). 

Since these earlier reports, a considerable number of cases have 
occurred in various parts of the world, and attempts have been made 
to reconstruct from records cases that occurred before such a possibility 
was recognized. Holland and England have had by far the greater 
number of cases ; only in these countries and possibly in Germany has 
the condition approached epidemic proportions. Jitta gave a total 
of 197 cases reported in Holland to and including 1928, with the peak 
of the incidence curve lying between 1924 and 1927. A considerable 
number of cases was still being reported to September, 1929,^® making 
a total of well over 150 definite cases to that time. In the combined 
Andrewes-Rolleston reports ® on the disease in England, 93 definite 
cases were reported to and including 1927, most of them occurring in 

2. Turnbull, H. M., and McIntosh, Janies: Brit. J. Exper. Path. 7:181, 1926. 

3. Report of Ministry of Health Committee on Vaccination, London, His 
Alajesty’s Stationery Office, 1928. 

4. Lucksch, Franz; Centralbl. f. Bakteriol. (Abt. 1) 96:309, 1925. 

5. Bastiaanse, F. S. van B. : Bull. Acad, de med., Paris 94:815, 1925. 

6. Stiner, O. : Schweiz, med. Wchnschr. 6:244, 1925. 

7. Hauswirth, A.: Schweiz, med. Wchnschr. 7:1113, 1926. 

8. Frommel, E., and Baumgartener, J. : Schweiz, med. Wchnschr. 7:857, 1926. 

9. Jehle, quoted by Lucksch: Centralbl. f. Bakteriol. (Abt. 1) 103:227, 1927. 

10. Report of League of Nations Commission on Vaccination, 1928, League 
Publications, CH, 739. 

11. Jitta, N. M. J. : Bull, de I’Office internat. d’hyg. pub. 22:51, 1930. 

12. Editorial, Lancet 2:1154, 1929. 
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1923. Spoi'adic reports subsequent to that time brought the number 
to over 100 at the end of 1929. Germany had a total of approximately 
40 cases from 1921 to 1930, with the majority in the period from 1927 
to 1929.^® Three cases were reported by Dukeii and Widowitz 
as late as June, 1930. Sweden to 1929 had had a total of about 25 
cases, with 9 occurring in 1928.^® Vienna and lower Austria con- 
tributed 28 cases from 1925 to 1929, 11 in 1929 (Kndpfelmacher,"' 
Zappert^®). In other countries in which the disease has occurred, 
there have been chiefly isolated and sporadic cases ; France, 9 ; Poland, 

2;®® Norway, 11;®’^ Ital}^ 26; Japan and Argentina British 
Guinea.®® 

Since the recognition of the condition in Europe a number of cases 
of nervous complications following vaccination have been reported in 
this country; some of these clinically and pathologically conform to 
the typical European cases. Wilson and Ford,®‘‘ in 1927, reported four 
cases from the records, the first of which occurred in 1922. In two 
of these cases, pathologic examination revealed lesions identical with 
the typical picture to be described in later paragraphs. Fulgham and 
Beykirch®® and Tuthill®® reported cases with a similar picture. Clin- 
ical cases resulting in recovery, or without satisfactory pathologic 
descriptions, have been reported by Graubarth,®'^ Wolf and Brams ®® 
and Perritt and Carrell.®® According to Armstrong,®® possible cases, 

13. Hamel: Bull, de I’Office internat. d’hyg. pub. 21:2052, 1929. 

14. Duken, J. : Ztschr. f. Kinderh. 50:292, 1930. 

15. Widowitz, Paul; Arch. f. Kinderh. 92:81, 1930. 

16. Kling, C. ; Lonberg, N., and Wassen, E. : Bull, de I’Office internat. d’hvg. 
pub. 21:2055, 1929. 

17. Kndpfelmacher, W.; Wien. klin. Wchnschr. 43:97, 1930. 

18. Zappert, J. : Wien. med. Wchnschr. 80:127, 1930. 

19. Pagniez, P. : Presse med. 38 : 134, 1930. 

20. Milukowski, V.; Schweiz, med. Wchnschr. 58:506, 1928. 

21. Ustvedt, Y. : Norsk, mag. f. laegevidensk. 91:417, 1930; abstr., J. A. M. A 
95:84, 1930. 

22. Doerr, R., and Breger, E, in Kobe; Krause, and Uhlenhuth: Handbuch 
der pathogenen Microorganismen, Jena, Gustav Fischer, 1930, vol. 8, p. 1531. 

23. Grace, A. W.: Tr. Roy. Soc. Trop. Med. & Hyg. 40:337, 1930. 

24. Wilson, R. E., and Ford, F. R.: Bull. Johns Hopkins Hosp. 40:337, 1927. 

25. Fulgham, J. H., and Beykirch, J. G.: J. A. M. A. 92:1427, 1929. 

26. Tuthill, Ruth: Arch. Neurol. & Psychiat. 24:759, 1930, 

27. Graubarth, Julian; Arch. Pediat. 46:701, 1929. 

28. Wolf, Henry; and Brams, W. A.: J. Nerv. & Ment. Dis. 71:714, 1930. 

29. Perritt, R. A., and Carrell, R. C.: J. A. M. A. 94:793, 1930. 

30. Armstrong, Charles; Pub. Health Rep. 44:2041, 1929. 
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based on clinical and epidemiologic grounds, have been noted in eight 
states. No cases have as yet been reported in Canada,^^ 

A number of attempts have been made to show the presence of 
this complication of vaccination previous to the recent recognized 
outbreaks. Comby and Knopfelmacher recalled similar cases seen 
20 years ago. Doerr and Breger referred to Freund as having 
mentioned the possibility of this complication in 1897. Jorge recalled 
two cases diagnosed as tuberculous meningitis reported by Carrier, 
and thinks it probable that accidents of this character have been happen- 
ing for many years. According to Turnbull,^® Sacco, 100 years ago, 
referred to nervous accidents consequent on vaccination. The Royal 
Commission on Vaccination of the years from 1880 to 1896 made no 
allusion to cerebral complications.^ It seems possible, however, that 
occasional cases have occurred since the introduction of vaccination. 

In any consideration of the etiology of these reported postvaccinial 
complications involving the central nervous system, the first explanation 
that presents itself is that these cases are merely coincidental nervous 
diseases that have no connection with vaccination. In view of the 
enormous numbers of vaccinations performed annually and the com- 
paratively few cases reported, this explanation might appear to be 
correct. Preparatory to a discussion of the evidence against this chance 
relationship and of the other theories regarding the etiology, a review 
of the clinical picture, epidemiology and morbid anatomy of the com- 
plications will first be given. A group of possibly related conditions, 
knowledge of which is essential in a discussion of the etiology of 
postvaccinial encephalomyelitis, will be briefly reviewed. 


CLINICAL PICTURE 


In reviewing the first large group of English cases, the Andrewes committee s 
considered forty-seven of the sixty-two cases sufficiently similar clinically to be 
regarded as a “homogeneous” group. The picture in this group they described 
as follows : “In most instances the onset of symptoms was rapid and the course 
of the disease acute. The predominant symptoms were of cerebral rather than 
spinal origin and included fever, headache, vomiting, strabismus and varying 
degrees of clouding of consciousness. Where paralysis of the limbs occurred it 
was generally of the upper motor neurone type.” They regarded the symp- 
tomatology as indicating a diffuse inflammation of the brain without special 
localization and with little evidence of involvement of the spinal cord The 
Rolleston committees considered a total of forty more cases, twenty-five of which 
belonged in a homogeneous group presenting clinical features similar to those 


31. Defries, R. D., and McKinnon, N. E.: Canad. M. A T iq 9 q 

32. Comby, J, : Arch, de med. d’enf. 10:598, 1907 • • • > 

33. Knopfelmacher: Wien. klin. Wchnschr. 43:97 1930 

34. Jorge, R.: Bull, de I’Office internat. d’hyg. nub 10-37 loov 

35. Turnbull, H. M. : Lancet 2:43, 1929. ' ’ 
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described by the Andrewcs committee. In the later report it was emphasized that 
the cardinal symptoms— headaciic, vomiting, drowsiness and pyrexia— arc con- 
stantly present in severe, and rarely absent in, mild cases. They may be the only 
symptoms present even in fatal cases. 

The continental cases seem to have been somewhat more variable in their 
clinical aspects. Luckscli classified the cases according to the clinically apparent 
localization of the lesions. In his first group, the symptoms pointed to an involve- 
ment of the meninges alone, with headache, vomiting, fever, opisthotonos, convul- 
sions and increased pressure of tlic cerebrospinal fluid. In the second group, the 
brain itself was involved, as well as the meninges, with paresis and somnolence as 
additional symptoms. The majority of the Dutch cases fell into this group. 
Tetanus-like symptoms were imposed in some and were present in Lucksch’s 
original cases and in some of the English cases. Knopfelmacher suggested that 
many cases of so-called tetanus following vaccination may in reality have been 
encephalitis. In another small group of ca.ses, the muscles of the eye were affected 
with squinting and abducens paralysis, and in others disturbances of the bladder 
and rectum pointed to involvement of the cord, as well as of tlie brain. Kndpfel- 
macher,!" concurring in Lucksch's classification, would have added to the cerebral 
group cases of epilepsy occurring after vaccination. Lucksch's third main group 
is composed of cases in which the sjuiiptoms wore confined to the cord, giving 
poliomyelitis-like pictures, but without the residual disabilities. Knopfelmacher 
would have added a fourth large group in which neuritis followed vaccination and 
quoted Zappert and Leincr and others as having observed cases of this type. 

Excluding the few ncuritides, poliomyelitis-like cases and epilepsies, 
the cases as a whole show a considerable degree of similarity and are 
generally accepted as representing a definite clinical entity, although, 
as Luckscli emphasized, the diagnosis cannot, with certainty, be made 
on a clinical basis alone. 

The typical condition can be differentiated clinicalh' from epidemic 
encephalitis by the presence of a positive J3abinski sign, the lack of 
residual lesions or recessions and, in most cases, by the absence of 
involvement of the muscles of the eyes. From poliomyelitis, it is 
differentiated by- the gradual onset of the paralysis, when it occurs, 
and b)'^ the usually complete recovery.'"’’ 

The mortality in the English cases was 58 per cent ; ■" in the Dutch 
cases it was about 35 per cent."’ Flexner "" thought that the difference 
m mortality is accounted for by the inclusion of more mild cases in 
the Dutch collections than in the English. In most of the English 
cases in which the patients survived, recovery w’as complete ; some 
evidence of mental change was present in five of the twelve cases 
followed for a long period. Mental deterioration or residual paralysis 
occuned in a small proportion of the continental cases. 


36. Lucksch, Franz: Centralbl. f. Bakteriol. (Abt. 1) 103:227. 1927. 

J. T. : Ncderl. tijdscbr. v. geneesk. 71:2, 18 and 10, 1927. 
38. Flexner, Simon : J. A. M. A. 94:305, 1930. 
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EPIDEMIOLOGY 

Period of Incubation . — The time of onset of the nervous symptoms 
following vaccination has been carefully observed in a considerable 
number of cases. Chart 1, showing for each day after vaccination the 
number of cases having their onset on that day, is based on a total 
of 298 cases : 87 from the reports of the English committees, 123 from 
Terburgh’s report on the Dutch cases, 89 from Eckstein’s report 
on the disease in Germany and the remainder from isolated reports, 
including some of the cases in this country, in which a definite period of 
incubation was given. By far the great majority of cases (65 per 
cent) had their onset between the tenth and thirteenth days, and 82 
per cent between the seventh and fourteenth days. The earliest day 
after vaccination on which an onset occurred was the second day. There 

Cases 

1=0 

40 

XO 


Chart 1. — Cases of postvaccinial encephalitis according to days of onset follow- 
ing vaccination. Twenty-one cases occurring between the twentieth and the thirty- 
fifth day are not shown on the chart. 

is a sharp decline in the number of onsets after the thirteenth day, and 
only isolated cases began after the sixteenth day. The English com- 
mission found that the cases having their onsets very early or very 
late after vaccination were those occurring in infants. The German 
cases taken alone show a greater distribution over the time chart 
and a much greater proportion occurring before the tenth day than is 
found in the total collection of cases. Chart 1 indicates a definite 
regularity in the time of occurrence of the disease after vaccination 
and justifies Keller in speaking of a “normal” period of incubation. 

Incidence in Relation to Number of Vaccinations . — Whether there 
is a definite relationship of the incidence of postvaccinial encephalitis 

39. Terburgli. J. T. : Versl. mod. Volksgc^dh., 1929, p. 1302. 

40. Eckstein. A.: Klin, Wchnschr. 8:1153, 1929. 

41. Keller, W. : Monatschr. f. Kinderh. 44:222, 1929. 
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to the number of vaccinations performed is less certain. This pro- 
portional incidence has varied considerably in the various countries 
in which the disease has occurred. Possibly the highest incidence was 
that on the island of Marken,^^^ where three of thirty-six vaccinated 
persons contracted encephalitis. The accompanying table indicates the 
great variability of the incidence expressed in number of vaccinations 
giving rise to one case. 

Within the countries concerned, a somewhat closer relationship is 
shown, although discrepancies exist. The 7\ndrewes Committee ® made 
a careful study of the incidence in 1922 and 1923, in relation to the 
number of tubes of vaccine lymph issued each week dtu'ing this period. 
Chart 2 is adopted from their report. The black columns in the upper 
pai't of the chart I'epresent the postvaccinial cases of encephalitis accord- 

Table 1. — Incidence of Encephalitis Following Vaccination 


Incidence in Relation 
to Number of 

Place* Author Vaccinations 


Island of Harken. 
Holland, 1924-1927. 

Holland, 1927 

HoUand, 192S 

Sweden, 1924-192S.. 

England 

Germany 

Switzerland 


AldersliofT 1 in 12 

Jltta 1 in 6,938 

Jitta 1 in 8,074 

Jitta 1 in 4,545 

Kling, Lonberg and Wassen. 1 in 21,275 

Bedson 1 in 48,823 

Doerr and Breger 1 in 100,000 

Sobernheim 1 in 333,000 


* In the area of Paris in six years there have been 1,324,032 vaccinations with no cases 
(Bull, de I’Offiee internat. d'hyg. pub. 21 1 1133, 1929), and in Soviet Russia whore there are 
from 8,000,000 to 9,000,000 vaecinations a year, no case of encephalomyelitis has yet been 
reported. 


ing to the weeks in which the patients were vaccinated ; those in the 
lower part, the tubes of lymph issued each week. The committee’s 
conclusion that “there is undoubtedly an association in time between 
cases and the prevalence of vaccination throughout the country” seems 
justified by the chart. The relationship, however, is not a direct one, 
since a considerably smaller number of vaccinations performed in the 
summer of 1923 were followed by moi'e cases than the greater number 
of vaccinations in 1922. The mortality in the cases in 1923 is not 
sufficiently lower to ascribe this difference in number to a greater 
recognition of milder cases as a result of more widespread knowledge 
of the condition. 

In the different districts within England the relationship is not 
direct. The committee found that increased vaccination was accom- 
panied by encephalitis in twenty-seven localities, but that in seven 


42. Aldershoff, H., quoted b)- Doerr and Breger (footnote 22). 
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places encephalitis occurred without any increase in vaccination, and 
that in eighteen places increased vaccination did not result in any 
cases of encephalitis. 

In other countries a more or less regular relationship between 
number of cases and number of vaccinations has been established. 
HameP^ and Eckstein^® found that in Germany most of the cases 
occurred in May and June, the months when the most vaccinations 
were performed. In Holland from January to June, 1929, few vacci- 
nations were performed, and only 5 cases of encephalitis were reported, 
but following this period, owing to an epidemic of smallpox, vaccina- 
tions were done in great numbers, and 68 cases resulted Terburgh 
showed that over a period of three years in Holland 188,000 vaccina- 
tions were performed in March, with 46 cases; 99,000 in April, with 



Chart 2. — Above; Cases of postvaccinial encephalitis in England from October, 
1922, to December, 1923, according to the weeks when the patients were vaccinated. 
Below: Tubes of lymph issued each week during the same period. The chart is 
adopted from the Report of the Andrewes and Rolleston Committees on Vac- 
cination, of the Ministry of Health, London, published by His Majesty’s Stationery 
Office in 1928. 

14 cases, and 46,000 in May, with 2 cases, indicating a rough propor- 
tionality of cases to vaccinations. As shown in the table, in Holland 
the incidence with relation to vaccinations varied from 1 in 6,938 from 
1924 to 1927, to 1 in 3,074 in 1927. It may be concluded that a definite 
relationship exists between the number of vaccinations and the number 
of cases of encephalitis, but that this relationship is by no means 
directly proportional, and that within certain districts it is not evident. 

Grouping of Cases. — Closel}^ related to the lack of a directly propor- 
tional relationship between the cases of postvaccinial encephalitis and 


4o. Jitta, N. jM. J. : Bull, de I’Office internat. d’hj’g. pub. 21:1886, 1929. 
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vaccinations is the so'callcd group airangemcnt of cases which has 
been noticed in many outbreaks of the disease. The English coniniit- 
tees noticed that while many cases of the disease were isolated and 
sporadic, there was a tendency for groups of cases to occur closely 
associated in time and place, but with no evidence of a spread of 
infection, since the cases occurred almost simultaneously. They 
described the bulk of cases in July, 1923, especially, as “a simultaneous 
series of explosions apparently unconnected.” The groups of cases 
were never ver}^ large — one of five cases was the largest — ^but they 
were conspicuous in contrast with the absence of cases elsewhere. 
The second report on the twenty-five cases in 1926 and 1927 also 
showed the occurrence of two definite groups of five and six cases. 
In Holland, nineteen of the first thirty-five cases occurred in groups 
of two or more in small communities. Doerr and Breger emphasized 
the “high proportion of cases in a certain place at a certain time while 
the neighboring regions remained free.” Gildemeister mentioned three 
such outbreaks in Holland. Especially illustrative of this characteristic 
grouping were the eleven cases in the Kufstein region of the TyroH'^ 
and the cases on the Island of Marken reported b)'- Aldershoff.^^ 

Grouping of cases of postvaccinial encephalitis in the same house- 
hold or family has occurred, but comparatively rarely. The English 
committee reported two such instances, in each of which members of 
the family were vaccinated on the same day and showed symptoms 
on the same day. Two instances of more than one case occurring 
in the same family, but with two and three years intervening, are on 
record,^* suggesting a peculiar familial susceptibility. 

RURAL DISTRIBUTION 

With the exception of the first cases in London in 1922, the English cases had 
a distinctly rural distribution ; the explosive outbreaks occurred almost entirely in 
rural communities. The Rolleston committee ^ regarded a distribution among 
small hamlets and the very occasional incidence of familial cases as characteristic 
of postvaccinial encephalitis as of poliomyelitis and epidemic encephalitis. 

The primarily rural distribution of the disease in Holland in the earlier cases, 
at least, is evident from figures calculated from the report of the Commission of 
Vaccinations of the League of Nations. From 1924 to 1927, the incidence per 
million of inhabitants in the communes, according to population was as follows : 
over 100,000, 13.5; from 20,000 to 100,000, 12.1; from 5,000 to 20,000, 14.7; under 
5,000, 33.1. It seems likely, however, that more recently the rural predominance 
has decreased, for Jitta, in 1930, “ stated that there is slight difference between 
the urban and rural incidence. 

The rural distribution has not been evident in Germany. Eckstein stated 
that there had been a slight preponderance of cases in the larger cities. 

44. Gildemeister, E. ; Centralbl. f. Bakteriol. (Abt. I) 110 (supp.) : 121, 1929. 

45. Kaiser, M., and Liedl, E. ; Ztschr. f. Desinfekt. u. Gesundhw. 21:261 1929 
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Incidence Considered in Relation to Strain of Virus Used, and in 
Relation to Reaction at Site of Vaccination. — The occuiTence of post- 
vaccinial encephalitis in isolated small outbreaks suggests that certain 
strains or lots of virus may be responsible, but there is no evidence 
incriminating any strain or lot. Most of the English cases followed 
use of the government l3auph, but the tubes involved were from many 
different series, and cases also followed the use of lymph from commer- 
cial sources in England and on the continent. In Holland lymphs from 
many sources have been used, and no one source has proved to be 
more associated with the occurrence of the disease than another.'" 
It is generally accepted that the intensity or character of the reaction 
at the site of vaccination bears no relation to the occurrence of the 
disease, the reaction running a normal course in the great majority 
of the cases. 

Incidence in Relation to That of Other Nervous Diseases. — The 
possible relationship of the incidence of postvaccinial encephalitis to 
the incidence of other epidemic nervous diseases is of some importance 
in determining the causal factor. The similarity in epidemiology 
between postvaccinial encephalitis, poliomyelitis and epidemic encepha- 
litis has been referred to. The English committee found no association 
of the postvaccinial disease with epidemic encephalitis, but noted an 
association with poliomyelitis in 1923. The majority of the postvac- 
cinial cases occurred just previous to the seasonal rise in poliomyelitis 
or in the autumn when poliomyelitis was still prevalent. The cases in 
1922 occurred when the incidence of poliomyelitis was still greater than 
normal. The same relationship was not eAudent in 1926 and 1927, 
and a study of the largest group at this time showed no unusual inci- 
dence at the time of, or in the same place with, any other nervous 
disease. In Holland the early cases accompanied a rise in the number 
of cases of epidemic encephalitis, but later the number of the latter 
declined, while the number of postvaccinial cases increased.^'' There 
Avas no relation between the incidence of postvaccinial cases and that 
of poliomyelitis in Holland. In Bohemia, Lucksch ^ was unable to find 
any relationship betAveen the occurrence of his cases and the occurrence 
of poliomyelitis or of encephalitis. In Germany, according to Doerr 
and Breger,^“ epidemic encephalitis had declined before postvaccinial 
encephalitis occurred. They pointed out that in France and the United 
States epidemic encephalitis is common, Avhile postvaccinial encephalitis 
is rare. It is questionable Avhether any importance is to be attached 
to the apparent relationships to poliomj^elitis in England and epidemic 
encephalitis in Holland. The apparent general increase in other post- 
infection and independent encephalitides coincidental Avith an increase 
in postA''accinial encephalitis, AAdll be discussed in another section. 
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Incidence in Relation to Age. — The determination of a predilection in post- 
vaccinial encephalitis for any special age is complicated by the differences in the 
laws regulating vaccination in the various countries. The frequencies accord- 
ing to age must be expressed in relation to the number of vaccinations in 
any one age group. However, from the various reports, it seems definite that 
infants have a relative insusceptibility to the disease. In England, ^ where 
63.3 per cent of the vaccinations are performed on children under 1 year of age, 
it was shown that of ninety-three cases, fifty-nine should have been in children 
under 1 year of age, but that only nine of the cases were The occurrence of 
cases in England was associated with an increased proportion of vaccinations later 
than infancy, owing to the increasing neglect of vaccination. A similar insus- 
ceptibility of infants was noticed in Holland, where the ratio of cases to vac- 
cinations in children under 2 years of age was 1 : 13,531, while in children from 
3 to 12 years of age the ratio was 1 : 3',555. In Germany no particular distribution 
with relation to age was noticed b}' Eckstein or by Hamel, most cases occur- 
ring in the groups from 1 to 2 years of age on which the most vaccinations had been 
performed. But Kndpfelmacher pointed out that in four large cities of Germany, 
28 per cent of the vaccinations, as opposed to 13 per cent of the cases of post- 
vaccinial encephalitis, were in children under 1 year of age, while 50 per cent of 
the vaccinations and 40 per cent of the cases of postvaccinial encephalitis occurred 
in children in their second year of age, apparently showing an increase in suscep- 
tibility in the second year. Of the cases in Vienna and lower Austria, none 
occurred in children under 3 years of age, although one third of the vaccinations 
were performed on children under 2.^8 

From these or similar figures a number of authors have concluded 
that children of school ages are relatively very susceptible to the disease. 
From the figures at my disposal, no comparison other than that of 
early infancy with other ages can be made. Whether adults are more 
or less susceptible than school children cannot be determined, but that 
young infants are definitely less susceptible seems to be established. 

A number of cases have been reported in which children were ill just previous 
to, or at the time of, vaccination, which suggests that a general lessening of 
resistance might be a factor in the occurrence of the complication. Coyl and 
Hurst and Horder^" reported cases occurring in children vaccinated while con- 
valescing from pneumonia, or while still weak from infectious disease. It is, of 
course, possible that these cases were coincidental, since it is probable that many 
children are vaccinated under similar conditions with no evil effects. 

There is no indication of any seasonal occurrence, the time of appearance 
apparently depending on the seasonal variations in vaccinations. The great 
majority of cases have occurred in northern Europe, but a number have been 
reported in Italy, 22 and at least one case has occurred in the tropics.^s 

MORBID ANATOMY 

That the pathologic picture presented by the postvaccinial cases 
of encephalitis is constant and typical and can be definitely differen- 
tiated from that of poliomyelitis and that of epidemic encephalitis is 

46. Coyl, C. D., and Hurst, E. W.; Lancet 2:1246, 1929. 

47. Horder, Thomas: Lancet 1:1301, 1929. 
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accepted by most investigators. Turnbull gave a complete resume 
of his own observations and those of McIntosh and correlated them 
with the descriptions of Bastiaanse ® (1925), Perdrau^® (1928), Schur- 
man°° (1928) and Lucksch (1927). The distribution of the lesions 
is typical and constant. Focal changes occur throughout the central 
nervous system from cortex to lumbosacral cord. The white and gray 
matter are both extensively involved. The meninges are only slightly 
affected, the characteristic changes occurring within the central nervous 
system. The essential lesions are perivascular and marginal zones of 
demyelinization and perivascular infiltration, largely extra-adventitial. 
The dem 3 ^elinization is almost always around veins and extends for 
long distances along their branches; it is usually complete, only a frac- 
tion of the axis cylinders suiwiving in any zone. In the acute cases 
a great number of proliferated glial cells are usually contained in the 
wide-meshed net of glial fibrils in the zones of dem 3 ^elinization. Pro- 
liferated glial cells extend a variable distance be 3 '^ond the zones of 
demyelinization and cause a diffuse infiltration in the most severety 
affected regions. Hemorrhages are rare and, when the 3 ’’ occur, are 
small and perivascular. Tigrolysis in the nerve cells is constant, but 
complete necrosis is rare, and neuronophagia is seldom, if ever, seen, 

McIntosh and Scarff had a different conception of the essential 
lesions, which becomes important later in the comparison of experi- 
mental vaccinial encephalitis in animals with the postvaccinial disease. 
They considered the essentially characteristic feature to be the radiating 
infiltration of parenchyma by large endothelial cells with clear, oval 
nuclei. These cells occur in an apparent radiating growth out from the 
central mass and give an appearance like that of a tissue culture. 
The demyelinization was considered by McIntosh to be of secondary 
importance, Coyl and Hurst and Ta 3 dor reported cases conform- 
ing to the foregoing general description from Turnbull. Taylor con- 
sidered the infiltration to be made up chiefly of endothelial cells. In 
this country, the cases of Wilson and Ford,-^ Fulgham and Beykirch 
(studied b 3 ’’ Flexner^®) and Tuthill conform to the same general 
picture. 

POSSIBLY RELATED CONDITIONS 

There are a number of pathologic conditions occurring independentl 3 ' 
or as complications of other diseases which on clinical or pathologic 
grounds have been regarded as identical with, or closely related to, 

48. Turnbull, H. M. : Brit. M. J. 2:331, 1928. 

49. Perdrau, J. R.: J. Path. & Bact. 31:17, 1928. 

so. Schurman, Paul: Beitr. z. path. Anat. u. z. allg. Path. 79:409, 1928. 

51. McIntosh, J., and ScarfF, R. W.: Proc. Roy. Soc. Med. 21:705. 1928. 

52. Taylor, J. F.: Lancet 1:1302, 1929. 
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the cnccphalornyclitis following' 'vaccinstion. Smallpox, measles, chicken- 
pox, German measles, mumps, scarlatina, whooping cough, typhoid 
fever, typhus fever, yellow fever and psittacosis all have been shown 
to include lesions of the central nervous system, either as an integral 
part of the disease or as an occasional complication. Conditions in 
which the symptoms or lesions were possibly very similar to those of 
the postvaccinial diseases have occurred following antirabic treatment 
and also as apparent clinical entities independent of any known disease 
as an exciting factor. Greenfield took over the term “acute dissemi- 
nated encephalomyelitis” from Westphal to describe a group of these 
conditions which he regarded as proved on pathologic grounds to 
be very similar. He included in this group only conditions following 
vaccinia, variola and measles, and some independent forms. He con- 
sidered that there is no satisfactor}*^ evidence that the pathologic picture 
in the other cases is the same. 

Encephalomyelitis Complicating Smallpox. — Aldrich,®'* in 1904, col- 
lected from the literature the reports of cases of smallpox in which 
there was involvement of the central nervous system and added several 
previously unrecorded. He stated that cases of smallpox complicated 
by paralysis have been recorded since the disease passed from tradition 
to record. The occurrence of postvaccinial encephalitis has aroused 
interest in these cases, and adequate summaries of the literature have 
been given by Turnbull and McIntosh,- Wilson and Ford,^* and Troup 
and Hurst.®® Troup and Hurst studied the records of mortality from 
smallpox in England and Wales from 1925 to 1929. Of 140 deaths 
in 51,243 cases of smallpox, 23 were ascribed to conditions of the 
central nervous system. The diagnoses in six of these cases indicated 
that the condition was encephalitis. Schamberg and Kolmer,®® among 
the records of 3,000 cases of smallpox, found 8 in which there was 
mention of paralysis, and Rolleston,®' among the records of 10,000 
in the London epidemic of 1921 and 1922, found only 25 in which 
there was note of nervous complications. 

On clinical grounds the cases have been divided into several groups according 
to the area of the central nervous system involved. Apparently the most frequent 
type is that in which paralysis of the legs without other symptoms occurs. The 
paralysis is usually flaccid, and muscular wasting and loss of reflexes occur. The 

53. Greenfield, J. G. ; A S 3 'stem of Bacteriologj', London, Medical Research 
Council, 1930, vol. 7, p. 133. 

54. Aldrich, C. J.: Am. J. M. Sc. 127:198, 1904. 

55. Troup, A. G., and Hurst, E. W.: Lancet 1:566, 1930. 

56. Schamberg, J. R, and Kolmer, J. A.: Acute Infectious ' Diseases, ed. 2 
Philadelphia, Lea & Febiger, 1928, p. 241. 

57. Rolleston, J. D.; Acute Infectious Diseases, London, Heinemaiin, 1929, 
p. 379. 
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symptoms may be entirely bulbar, with dysarthria and disturbances of swallowing, 
or these symptoms may be combined with spastic weakness, ataxia and some- 
times mental changes, indicating a more diffuse involvement resembling dis- 
seminated sclerosis. According to Troup and Hurst, the mode of onset may 
suggest transverse myelitis, and only later a certain degree ot weakness of the 
arms and drowsiness indicate involvement of the upper part of the central nervous 
system. The picture in this later extension differs from that in the postvaccinial 
cases, in which as a rule there is no progression after the first symptoms. In the 
great majority of variolar complications, the nervous symptoms appear before 
the sixteenth day of the disease, and in some cases, even before the eruption 
appears. Partial or complete recovery is the rule, but permanent disturbances arc 
more frequent than with the postvaccinial condition. That the complications are 
not due to especially neurotropic strains of virus is indicated by the report of 
Troup and Hurst in which a case with, and fifteen cases without, nervous com- 
plications were contracted from the same source of infection. 

McIntosh,®® Alclntosh and Scarflf,®^ and Troup and Hurst®® found 
that the pathologic picture in the cases reported by them could not 
be differentiated from that described as characteristic of the postvac- 
cinial cases. McIntosh found the tissue-culture-like arrangement of 
endothelial cells which he described as occurring in postvaccinial encepha- 
litis even more pronounced in encephalitis of variolar origin. 

Encephalomyelitis Complicating Measles . — Comprehensive reviews 
of the literature on the occurrence of nervous complications of measles 
are contained in papers by Ford®® (1928) and Greenfield®® (1929). 
Greenfield emphasized the fluctuation in the incidence of these com- 
plications. S 3 'denham, in his description of the epidemics of 1670 and 
1674, made no mention of nervous sequelae, but cases were described 
by Lucas (1790), Abercrombie (1845) and Barlow and Penrose 
(1886), and a small outbreak occurred in London in 1904 and 1905. 
In recent years, since 1924, there has been another period of increased 
incidence, with cases occurring on the continent and in America. 
Reports of individual cases from England, France and Germany in 
the interval indicate that the disease had not disappeared entirely 
during the intervening years. Boenheim,®^ summarizing the observa- 
tions in 5,940 cases of measles. in the Berlin hospitals from 1905 to 
1925, found the incidence of nervous complications to be 4 per thousand 
cases. 

Clinically, the cases are grouped according to the area of apparent involvement. 
There maj' be only cerebral symptoms of brief duration from which recovery is 
complete, or these ma^’ be combined with neurologic disturbances that are not 
revealed until the cerebral phase passes. Paraplegias indicating involvement of 

58. McIntosh. James: Brit. M. J. 2:334, 1928. 

59. Ford, F. R. : Bull. Johns Hopkins Hosp. 43 : 140, 1928. 

60. Greenfield, J. G.: Brain 52:171, 1929. 

61. Boenheim, Curt: Ergebn. d. inn. Med. u. Kinderh. 28:598, 1925. 
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the spinal cord may occur alone or in conjunction with cerebral symptoms, indicat- 
ing a general involvement of the central nervous system. Ataxias indicating 
cerebellar involvement are common. The onset of the nervous symptoms almost 
always follows the fever-free interval of, from one to two days after the rash is 
out, that is, about the seventh day of the disease, but it may occur before or at 
the height of the eruption or may be delayed for from two to three weeks. 

The recent descriptions of the microscopic changes are in general 
agreement. From Wohlwill’s descriptions of two cases of measles 
Turnbull regarded the involvement of the central nervous system in 
these cases as practically identical pathologically with that in the 
postvaccinial disease. Greenfield regarded the picture as similar to, 
if not identical with, that of the postvaccinial complication. The differ- 
ences lie in the greater amount of perivascular infiltration and the 
more complete demyelinization in the postvaccinial forms. The dis- 
tribution of the zones of demyelinization along the margins of the cord 
and the walls of the ventricles is the same in both conditions. Ford 
also found a much smaller amount of perivascular infiltration in his 
cases of measles. Zimmerman and Yannet found little involvement 
of the gray matter, in contrast with that in the generally accepted 
picture of the postvaccinial type, in which both gray and white matter 
are usually extensively involved. 

Nervous Complications of Varicella . — Winnicott and Gibbs and 
Wilson and Ford published summaries of the literature dealing with 
the nervous complications of chickenpox, with descriptions of cases 
seen by themselves. More recent observers (Conrad,®^ Bertoye and 
Garcin,®° Graham®”) have added reports of five cases to the round 
dozen collected by the aforementioned authors. The symptoms are 
somewhat variable, but can again be classified as indicating involvement 
of the brain, the brain stem or the spinal cord, or all three. The time 
of onset of the complications is rather constant, occurring chiefly from 
the ninth to the thirteenth day of the varicella, but sometimes as early 
as the fourth or as late as the fifteenth day. Recovery always occurs 
and is probably invariably complete. Since no autopsies have been 
performed, the nature of the lesions is unknown. 

Nervous Complications of Mumps— Tht occurrence of nervous 
complications of mumps was first noted by Hamilton in 1758. Reports 
of cases and comprehensive summaries of the literature were published 

62. Zimmerman, H. M., and Yannet, Herman: Arch. Neurol. & Psvchiat 
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by Haden and Weissenbach, Bascli and Bascli.°® The condition had 
been largely regarded as essentially a meningitis, but Haden showed 
that the cerebral symptoms were out of proportion to the amount of 
meningeal reaction, as indicated by the spinal fluid, and could also occur 
without meningeal signs. Weissenbach, Basch and Basch classified the 
cases as meningeal or meningo-encephalitic, either complicating typical 
mumps or occurring independent!)^ with only slight clinical or epidemio- 
logic evidence, pointing to the etiologic factor. The onset may precede 
or follow the parotid swelling, but occurs most often at the height 
of the parotid lesion. Testicular involvement indicating a generaliza- 
tion of the virus is often associated. The incidence varies considerably; 
16 cases have been observed in 653 cases of mumps, but over 1,000 
cases of mumps without any nervous complications have been recorded. 
Few necropsies have been recorded ; marked congestion of the brain 
and serous meningitis apparently were the only changes. 

Experimentally, Wollstein and Gordon were able to produce nervous 
sj'mptoms and lesions in cats and monkeys by the intrathecal and intracerebral 
injection of bacteria-free filtrates of saliva from patients with mumps. Sections 
of the brain from one of Gordon’s animals showed definite infiltrative evidence of 
encephalitis, although pronounced degenerative changes in the nerve cells of cortex 
and anterior horns were the most marked feature. 

Other Postinfection Encephalitides . — ^According to McIntosh,'^® 
encephalitis is a constant feature of typhus fever and may be regarded 
as part of the disease. The lesions, consisting essentially of prolifera- 
tions of large, clear cells into the surrounding nerve tissue, with 
infiltration by inflammatory cells (plasma cells, lymphoc 3 ^tes and a few 
polymorphonuclears), are regarded by McIntosh as showing great simi- 
larity to the lesions in postvaccinial and postvariolar encephalitis. Cere- 
bral complications are also said to occur in yellow fever, and 
experimentally, cerebral lesions, consisting of proliferation of the 
capillary endothelium and perivascular infiltration by mononuclears, 
were produced in mice by this virus. Encephalitic syndromes have 
complicated or followed psittacosis (Krichefski,"^ Thompson '^®), rubella 
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(Debie-'^), scarlatina'® and pertussis (Askin and Zimmerman^®). 
Such pathologic investigations as have been described indicate that the 
encephalitic complications of the two latter conditions are not related 
to the group of encephalitides complicating vaccination, variola and 
measles. 

Paralysis Complicating Antirabic Treatment. — On the basis of the 
pathologic picture, the paralyses sometimes complicating antirabic treat- 
ment have been considered by some observers to be similar to the 
postvaccinial disease. A considerable number of antirabic treatments 
(4,836) had been given before this accident was first noticed in 1887. 
It was regarded as a paralytic form of rabies until it occurred in a 
patient proved to have been bitten by a healthy animal. Stuart and 
Krikorian reviewed the literature and published reports of cases and 
experimental work. The condition is directly related to the treatment 
and probably to the injection of diseased or normal brain, since similar 
conditions can be produced in animals by the injection of normal brain 
(Remlinger,'® Schweinberg,’^® Stuart and Krikorian Individual pre- 
disposition of the patient is an important factor; brain-workers are 
more susceptible than laborers, and Europeans more than natives of 
the tropics. The League of Nations Conference on Rabies placed the 
incidence at 0.28 per thousand. The symptoms usually begin about 
seven days after the beginning of treatment. The peripheral nerves 
only may be affected, giving local paralyses; or the symptoms may 

be those of subacute dorsolumbar myelitis or of acute ascending 

(Landry’s) paralysis. Stuart and Krikorian regarded perivascular 
infiltration by lymphocytes and plasma cells and demyelinization as 
the essential features. Turnbull referred to descriptions of the 

condition and stated that the pathology appears to be similar to that of 

the postvaccinial disease, but that the descriptions are not precise. 

Independent Conditions. — On the basis of the demyelinization as 
the principal pathologic feature a number of independent conditions 
have been considered as possibl}'’ related to postvaccinial encephalitis. 
Pette®® regarded acute disseminated sclerosis occurring spontaneously 
in children and possibly multiple sclerosis as being closely related to 
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postvaccinial encephalitis. Multiple sclerosis is generally recognized 
as differing in that the demyelinization is patchy, not following a blood 
vessel for far, while in the postvaccinial condition the demyelinization 
extends for long distances along the affected vessel. Greenfield 
considered Pette’s cases on clinical (being subacute and progressive) 
and on pathologic grounds as being not strictly comparable. He 
stressed the fact that the postvaccinial encephalitis and’ that complicating 
measles do not become progressive. Greenfield himself described two 
cases of acute paraplegia with influenza-like onset that showed lesions 
similar in distribution and character to the lesions of the central nervous 
system in measles and postvaccinial disease. He included these cases 
in his group of cases of “acute disseminated encephalomyelitis.” Brain 
and Hunter described a group of cases with remarkable clinical 
similarity to those of postvaccinial disease. In the one fatal case the 
pathologic changes were those of toxemia and were not similar to 
those in postvaccinial disease. They referred to a considerable number 
of similar cases recorded in the literature, in many of which the condi- 
tion had apparently been of mildly epidemic form. 

The relationship of the conditions described to postvaccinial encepha- 
litis is uncertain, with the possible exception of the encephalitides 
complicating variola and measles and the two independent cases of 
Greenfield, which apparently presented a similar pathologic picture and 
could be assumed to be due to the same or similar viruses. 

THEORIES REGARDING THE ETIOLOGY OF POSTVACCINIAL 

ENCEPHALITIS 

Accidental Relationship . — Several possible explanations have been 
advanced for the occurrence of encephalomyelitis complicating vaccina- 
tion. While not widely held and probably conclusively disproved, the 
view that the condition has an accidental relationship to vaccination must 
first be considered. The small, irregular incidence of the disease at 
first suggests that the connection is coincidental, and it might be main- 
tained that the nervous lesions are caused by some of the known 
encephalitogenic viruses or some other unknown factor operating in 
the patient, by chance, at the time of vaccination. The evidence against 
this view has been largely presented in the sections on epidemiology 
and pathology, but will be briefly restated here. Clinically, the majority 
of cases show a considerable degree of similarity, and the condition is 
accepted as a definite clinical entity which can be differentiated from 
epidemic encephalitis and poliomyelitis. The marked constancy of the 
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period of incubation in itself is possibly sufficient to rule out the theor}^ 
of fortuitous occurrence. The definite, though not direct, relationship 
of incidence to the number of vaccinations performed further supports 
the assumption that there is an actual causal relationship between 
vaccination and nervous complications. Greenwood's calculations ® 
shoAv that the number of deaths from acute nervous disease in the 
vaccinated group at the time of the maximum occurrence of postvac- 
cinial cases in England was higher than would be probable if the deaths 
were due to the chance occurrence of the nervous disease in the vacci- 
nated persons. With the possible exceptions of poliomyelitis in 
England and epidemic encephalitis in the early Dutch cases, there has 
been no association of postvaccinial encephalitis with other epidemic 
nervous disease that might suggest an overlapping with these diseases. 
The constant pathologic picture not related to that of poliomyelitis or 
to that of epidemic encephalitis and similar only to that of the few 
conditions mentioned rules out the possibility of the condition being 
poliomyelitis or epidemic encephalitis. 

While a definite causal connection between vaccination and the 
majority of the reported nervous disorders may be accepted, it is proba- 
ble®® that some of the conditions regarded as being "propter,” as well 
as "post,” vaccinial, are due merely to inaccurate diagnosis plus a 
fortuitous relationship. Reisch ®'‘ reported an epidemic that appeared 
in both vaccinated and unvaccinated children which, with insufficient 
investigation, could have been regarded as a true postvaccinial disease, 
since the only fatal case was in a vaccinated child. Grey and Whit- 
aker®® performed an autopsy in a case reported clinically as postvac- 
cinial encephalitis and found staphylococcal septicemia with multiple 
pyemic abscesses on the surfaces of the brain. A case cannot be 
finally regarded as due to vaccination unless epidemiologically, clinic- 
ally and pathologically it accords with the typical cases considered in 
foregoing paragraphs. It is inevitable that a number of nervous dis- 
eases should manifest themselves coincident with a procedure carried 
out on such a large scale as vaccination. 

Since it is generally admitted and probably proved that certain 
cases of encephalomyelitis are attributable to vaccination, there remains 
to be discussed the possible ways in which vaccination might cause 
these complications. Three hypotheses have been put forward: 

1. The nervous lesions are caused by the direct action of vaccine 
virus on the central nervous system. 
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2. The nervous lesions are not caused by the vaccine virus, but 
by some other virus or bacterium introduced vrith the vaccine virus 
or already present, dormant, in the vaccinated person and activated 
by the vaccine virus or by the decrease in resistance of the patient 
brought about by the febidle reaction. 

3. The complication is the result of an anaphylaxis-like reaction to 
the virus or to a nonspecific factor. 

The discussion of the evidence in favor of or against these theories 
will be taken up in the order given. 

Vaccine Virus as the Direct Cause . — The production of nervous 
symptoms and lesions in animals by certain strains of vaccine virus 
and the fact that many of the filtrable viruses or closely related forms 
can cause encephalitis in human beings or experimentally in animals 
are the primary bases on which this theory is founded. It was formerly 
considered that infection with vaccine virus was a local phenomenon, 
the virus growing in dermal tissue and only incidentally overflow- 
ing into the blood. It is now known that vaccine virus can be recovered 
from the blood and organs of animals and man for a number of days 
after inoculation, and that the virus will grow in many dififerent tissues. 

Marie,®® in 1920, showed that vaccine virus injected intracerebrally 
into rabbits would kill them, giA'ing rise to nervous symptoms, Avith 
apparent growth of the Adrus in the brain. LeA^aditi, HarAner and 
Nicolau,®' in 1921, by a process of adaptation through alternate testicle 
and brain passage, repeated Marie’s work and Avas able to produce 
a fixed “neurovaccine” Avhich he could pass indefinitely in series through 
rabbits’ brains. Many workers since then (Condrea,®® Krumbach,®® 
Blanc and Caminopetros,®® von WasielcAvski and Winkler,®^ Bachman 
and Biglieri,®® Ledingham ®®) haA'^e shoAvn that with many strains of 
virus, at least, no process of adaptation is necessary : that intracerebral 
injection of calf virus will produce symptoms and death, and that 
such viruses can be passed indefinitely from brain to brain. Others 
haA^e had difficulty ®® in adapting, or har^e been entirely unable to adapt, 
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some strains with which they were working ( Camus, Cattaneo,®'' 
Thompson I was unable to adapt to the brain either the Noguchi 
strain of testicular virus or the New York City Board of Health strain 
from which the former was derived. But a commercial strain, a 
descendant of the same New York virus, easily, on first injection and 
on subsequent passages, produced nervous symptoms and death and 
multiplied profusely in the brain. Levaditi, Nicolau and Sanchis- 
Bayarri,®' and Aldersholf, Bondman and Pot,'*® produced meningo- 
encephalitis in monkeys by the intracerebral injection of virus. The 
reaction of the skin to vaccine virus grown in brain (so-called neuro- 
vaccine) is characteristically more violent and definitely more hemor- 
rhagic that that to ordinar}'' strains of virus (Camus, Aldershofif, 
Bondman and Pot,®® Levaditi,®® Burnet and Conseil,^®® and in my own 
experience). Neurovaccine is considered by Levaditi®® to be more 
neurotropic (to settle more readily in the brain after peripheral inocu- 
lation) than other strains, but others have shown that any strain of 
vaccine virus can often be found in the brain after peripheral inocula- 
tion (Blanc and Caminopetros,®® Huon and Placidi,^®’- Barikine, Kom- 
paneez, Zakharoff and Barikine,^®® Hach,^°® Minervin and Schmer- 
lingi®'*). In attempting to produce encephalitis in rabbits by peripheral 
inoculation, many workers have had negative results (Condrea,®® Cat- 
taneo,®® Demme,’-®® Walthard,’®® Olitsky and Long’®’), but some were 
occasionally successful (Bachman and Biglieri,®® Levaditi,®® Huon and 
Placidi,’®’ Rhoades,’®® McIntosh and Scarff,’®® Hoffmann”®). Clear- 
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kin succeeded in producing symptoms and lesions of the brain by 
intradermal inoculation of vaccine virus into wild African monkeys. 

In view of the peculiar characteristics of the lesions of the skin produced by 
neurovaccine, Camus suggested that its ability to produce cerebral lesions may 
be due to its admixture with some contaminating virus. The apparent impos- 
sibilit}'^ of adapting certain strains of vaccine virus to the brain might be inter- 
preted as supporting this conception. Lack of immunity relationships between 
neurovaccine and herpes virus indicates that the possible contaminant cannot 
be herpes virus. Addition of a poliomyelitic virus to a nonencephalitogcnic strain 
of vaccine virus did not render this strain encephalitogenic for rabbits, suggest- 
ing that poliomyelitic virus is not the supposed additional virus. All attempts, 
by passage through animals immune to a nonencephalitogcnic strain of vaccine 
virus, to separate from neurovaccine some nonvaccinal factor which, when added 
to the nonencephalitogcnic virus, would produce a neurovaccine have been imsuc- 
cessful.ii^ All the evidence at one’s disposal indicates that the neurovaccines are 
not contaminated viruses, but vaccine viruses that have acquired the ability to 
grow in nervous tissue. This change cannot always be produced at will, but may 
occur spontaneously, as in the commercial strain of virus referred to. It is 
possibly associated with an increase in generalizing power, but not necessarily in 
virulence for the skin as measured by titration b}"- dilution. 

The evidence supporting the h3'pothesis that the human postvaccinial 
condition is an expression of this encephalitogenic power of vaccine 
virus which has been described will now be considered. 

Epidemiologic Evidence : The constancy of the relationship between 
the onset of symptoms and the time of vaccination which has been 
stressed is regarded by the proponents of the theory that vaccine virus 
is the direct cause as indicating the vaccinial nature of the nervous 
lesions. There are, however, other possible explanations of the con- 
stant period of incubation. An activated virus introduced at the time 
of vaccination would also probably be characterized by a fairly regular 
period of incubation. However, all attempts to show the presence 
of any known virus in the lymphs used have failed, although Perdrau 
showed that herpes and vaccinia could be carried along together in 
animal passage. The lack of evidence incriminating any particular 
batch or batches of lymph also indicates that the encephalitis is not 
due to contamination of the lymphs. It is possible ® that the so-called 
constancy of the period of incubation may be more apparent than 
real, owing to the fact that the constitutional S3unptoms present just 


111. Oearkin, P. A.: Brit. J. Exper. Path. 11:329, 1930. 

112. Holden, M., and Thompson, Richard: Unpublished work; Olitsky and 
Long (footnote 107). 

113. Thompson, Richard: J. Exper. Med. 51:777, 1930. 

114. Thompson, Richard; and Buchbinder, Leon: Unpublished work. 

115. Perdrau, J. R. (footnote 3). 



THOMPSON-POSTVACCINJAL encephalomyelitis 623 


before the reaction to the vaccination reaches a maximum may call 
attention to cerebral symptoms for the first time. 

The similarity of the periods of incubation in postvaccinial encepha- 
litis, variola and generalized vaccinia in man has been considered as 
evidence in favor of the vaccinial nature of the postvaccinial disease. 

It is regarded as probable that the mechanism is the same in each case ; 
a . local multiplication of the virus with secondary generalization pro- 
ducing the general disease in smallpox, the lesions of the skin in 
generalized vaccinia and the changes in the central nervous s3^stem 
in postvaccinial encephalitis. The fact that the generalization of the 
virus, as indicated by the positive results from examination of the 
blood, is probably at its height at about the same time also favors this 
view (McIntosh . 

Netter^^'^ stated that the disease occurs after revaccination in a 
much smaller pei'centage of cases than after primary vaccination and 
regards this as evidence favoring the theory that vaccine virus is the 
direct cause, since the revaccinated persons have a degree of vaccinial 
immunity. Statistical data comparing the incidence of the complication 
in the two groups are not available, but the general impression seems 
to support Netter’s views as to the comparatively rare occurrence in 
revaccinated persons. The .information regarding the occurrence of a 
previously successful “take” is not always reliable, but there have been 
a number of cases reported as following probably authenticated revac- 
cination (Hamel,^^ Mader,^^® Rosendahl,^^® Hekman^^®). Hekman 
reported a number of cases following revaccination and stated that in 
these cases the period of incubation was shorter than in cases following 
primary vaccination. He regarded this as further evidence of the vacci- 
nial nature of the disease, comparing the acceleration to the shortening of 
the period of incubation in varioloid and vaccinoid. It is indeed difficult 
to explain the shorter period of incubation on any other basis, but here 
again one lacks conclusive statistical evidence of an accelerated process. 
It would be interesting to determine whether more cases have followed 
revaccination in Germany than in other countries, accounting for the 
shorter average period of incubation in that country. 

Isolation of Vaccine Virus from the Nervous System in Cases of 
Postvaccinial Encephalitis ; The results of experimental and pathologic 
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investigation of postvaccinial encephalitis have been used by all the pro- 
ponents of theories to support their respective views. A crucial point 
in favor of the theory the vaccine virus is the direct cause would be the 
presence of vaccinia virus in considerable amounts in the brain in fatal 
cases, since in rabbits, when encephalitis occurs, there is a profuse in- 
crease of virus in the brain. While a small number of workers have 
reported the presence of vaccine virus in the brain in fatal cases (Turn- 
bull and McIntosh,- McIntosh and Blaxall,^-^ Aldershoff,^-- BijM-^), it 
has usually been in small amounts and detected only after enrichment 
by passage through the testicle. Many woi'kers have had entirely nega- 
tive results (Luksch,^ Perdrau,^^® Fildes,^-^ Bastiaanse, Bijl and Ter- 
burgh,^-^ Levaditi, Lepine and Troisier,^-® Maitland,^-'). While the 
supporters of the theory that the disease is due to activation of another 
virus regard the presence of the virus in the brain in small amounts as a 
probable concomitant of normal vaccination, the supporters of the theory 
that vaccine virus is the direct cause would explain its absence, in those 
cases in which it is not found, on the basis of autosterilization as ex- 
pounded by Levaditi to explain the absence of herpes virus from the 
brain in cases of epidemic encephalitis (Netter Bijl and 
Fraenkel reported that the brain in a fatal case did inactivate vaccine 
virus, giving a modicum of support to the explanation by autosteriliza- 
tion. Using cerebrospinal fluid for which normal vaccinated controls 
were available, Herzberg-Kremmer and Herzberg found vaccine 
virus in one of three cases of postvaccinial encephalitis, although eighteen 
normal controls were negative. Gildemeister also found no virus in 
the cerebrospinal fluid of fifteen normal vaccinated persons, but found 
it in the fluid of one of four cases of postvaccinial disease. Widowitz 
found that the serums in two cases of postvaccinial encephalitis had 
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considerably less power of neutralizing the vaccine virus than did the 
serums of persons who were vaccinated about the same period of time 
before the withdrawal of serum, possibly indicating that the invasion of 
the brain is the result of an insufficient immunity reaction to the dermal 
infection. Efforts to detect the presence of other viruses in the brain 
in cases of postvaccinial encephalitis have been without result (herpes,^®- 
poliomyelitis 

Are the lesions vaccinial? The similarity or dissimilarity of the 
lesions of brain and spinal cord in postvaccinial encephalitis and in ex- 
perimental vaccinial encephalitis in animals is obviousl}'’ of importance in 
determining the part played by vaccine virus in the etiology'- of the 
former. The essential pathology'^ of the human disease has been briefly^ 
reviewed earlier in this paper. Levaditi and his co-workers described 
the cerebral lesions resulting from the intracerebral inoculation of 
neurovaccine into rabbits and apes. They'^ described the process as a 
meningo-encephalitis with involvement of the dura, pia mater and cortex. 
Perivascular and focal infiltration of these structures, first by polymor- 
phonuclear cells and later by mononuclears, takes place. Condrea gave 
a similar description, but also described Guarnieri’s bodies as occurring 
in the nerve cells. Hurst and Fairbrother regarded the essential 
lesion resulting from intracerebral inoculation of vaccine virus into 
rabbits and monkeys as a fibrinous, hemorrhagic and polymorphonuclear 
meningitis. They contrasted this picture with that in postvaccinial 
encephalitis, stressing in the latter the slight meningeal reaction, the 
strictly perivascular distribution of the lesions, the occurrence and the 
rapidity of demyelinization, the microglial nature of the infiltration and 
the rarity of true perivascular infiltration by lymphocytes and plasma 
cells. They concluded that the pathologic pictures in the two diseases 
are so different as to make it extremely unlikely'- that vaccine virus is 
the cause of the postvaccinial condition. 

On the other hand, in a number of studies Adcintosh and his 
co-workers maintained that the lesions in postvaccinial encephalitis are 
essentially similar to those in vaccinial encephalitis in animals, to those 
in the various organs in generalized vaccinia in rabbits, to those in the 
brain in postvariolar encephalitis and to the focal lesions in smallpox.^®® 
In one case of postvaccinial encephalitis, McIntosh found a similar 
picture in the multiple lesions occurring in the internal organs. Alclntosh 
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and Scarft* did not regard the fibrinopurulent meningitis described 
by Hurst and Fairbrother as characteristic of vaccinia either in the skin 
or in the brain. With vaccine virus they produced in rabbits, two types 
of lesions, meningitis and meningo-encephalitis. The)’- considered the 
difference between these as primarily one of severity. The presence 
of a diffuse radiating infiltration b)^ a large number of cells with large, 
clear nuclei, giving the appearance of a tissue culture, was regarded as 
the characteristic feature of all the lesions mentioned. Demyelinization 
was not regarded b)'- McIntosh as of especial importance as a distin- 
guishing factor, since it occurs in several unrelated pathologic con- 
ditions and has been obseiwed by him in vaccinial encephalitis in the 
rabbit and monkey. Clearkin found the picture described by 
McIntosh in the brains of wild monkeys inoculated intradermally with 
vaccine virus. He also found some degi'ee of perivascular demyeliniza- 
tion and regarded the lesions as essentially similar to the human post- 
■\accinial lesions. BijI and FraenkeH-*’ were of the same opinion as 
iMcIntosh, that the histologic picture in the brain in postvaccinial 
encephalitis is essentially similar to that produced in the organs of 
rabbits by vaccine virus. Spooner in a recent study found menin- 
gitis to be the most conspicuous lesion following injection of neuro- 
vaccine into the rabbit’s brain. While certain changes occurred in the 
myelin sheaths, perivascular demyelinization of the kind described in 
postvaccinial encephalitis was not seen. Agreeing with McIntosh as 
to the damage to, and proliferation of, the vascular endothelium Spooner 
regarded this feature as subsidiary to the general inflammation. The 
final decision regarding the vaccinial or nonvaccinial nature of the post- 
vaccinial lesions awaits further reports confirming or denying McIntosh’s 
descriptions. 

Serum Treatment: Serum from vaccinated persons or animals has 
been used in treatment in a number of cases of postvaccinial encephal- 
itis, with apparent benefit (Horder,^’^ Rozendahl,’^^® Hekman,^®® 
Netter’^®®). The apparent beneficial action of this serum was regarded 
by Netter. among others, as a further demonstration of the vaccinia! 
nature of the disease. However, controls treated with normal serum 
are not available, and statistical proof of the efficiency of the serum 
from vaccinated persons or animals is not yet possible, making its 
action rather unreliable evidence as to the etiology of the disease. 

Some authors upholding the theory that vaccine virus is the direct cause have 
e.xplained the increase in incidence of postvaccinial encephalitis in recent years by 


137. Spooner, E. T. C: Am. J. Path. 6:767, 1930. 
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assuming some change in the virus caused by its passage through rabbits, which 
is a comparatively recent procedure. Coplans, King and Simpson emphasize 
the fact that encephalitis first occurred in England subsequent to the use of rabbit 
lymph. Netter (1930) also connected the disease with the passage of the virus 
through rabbits. Other than the “post hoc” type, there seems to be no evidence 
in favor of this view. Neurovaccine passed through many generations of rabbits 
in Spain produced no encephalitis, although it did in Holland.^^^ The only kind 
of lymph the use of which in Holland has not been followed by encephalitis is a 
rabbit strain from the Dutch East Indies.^^ A lymph from Japan and a bovine 
lymph from Switzerland, which had never been through rabbits, have been asso- 
ciated with encephalitis in Holland.^^i 

Possibly the majority of the investigators concerned with the prob- 
lem of postv^accinial encephalitis have been unable to accept the theory 
that vaccine virus is the cause for a number of reasons. Two of these 
have been discussed, involving the rarity or the lack of virus in the 
brain in fatal cases and the differences between the lesions in experi- 
mental encephalitis in animals and those in the postvaccinial disease. 
In the field of epidemiology there are a number of facts that are 
regarded as incompatible with this theory. The sudden and recent 
increase in incidence was cited by both the Andrewes and Rolleston 
committees as making it unlikely that vaccine virus is the only factor 
in the etiology. Many different strains of lymph have been associated 
with the complication, and it was considered extremely improbable that, all 
these strains simultaneously acquired the property of producing changes 
in the central nervous system. The extremely irregular occurrence 
and the lack of direct proportionality of incidence to number of vac- 
cinations also indicate the existence of some factor in addition to that 
of vaccine virus. The continued use, in Spain, of a strain of virus 
adapted to the brain of the rabbit (neurovaccine of Levaditi) for over 
two million vaccinations without the occurrence of a single case of 
encephalitis seems to indicate that the conditions in man and animal 
have no relationship, although it has been pointed out that when this 
strain was taken to Holland, a possibly greater proportion of cases 
resulted than when dermal strains were used.^^'^ 

Some observers have considered their inabilit}'- to produce lesions 
in the brains of rabbits by cutaneous infection as evidence against the 
direct role of vaccine virus in the postvaccinial disease, but, as noted 
heretofore, others have occasionally been successful, and it must be 
pointed out that in human beings, in whom the cutaneous route of 
inoculation is always used, the incidence is extremely low (from 1 in 
4,000 to 1 in 50,000). 

140. Coplans, M. ; King, W. G., and Simpson, W. J. R. : Brit" M T 
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The epidemiologic features considered by many as making unlikely 
the hypothesis that vaccine virus is the cause do not seem to elim- 
inate the possibility of direct action of vaccine virus in postvaccinial 
encephalitis. The supporters of this theory do not maintain that the 
inoculation with vaccine virus is the only factor in the disease. McIn- 
tosh, in his minoi'ity report to the Andrewes committee, stressed the 
presence of an “accessory factor/’ and Netter mentioned the possi- 
bility of some peculiar “individual susceptibility” as explaining many 
of the epidemiologic peculiarities of the disease. Aycock,^'*® in his 
studies on poliom3'’elitis, emphasized the fact that all who were exposed 
to the virus do not contract the disease, but that the majority are 
immunized without recognizable symptoms. He presented data that 
indicate that these different reactions to infection with the virus may 
be due to variations in the physiolog}'’ of the hosts rather than to 
variations in the virus. The variations and the irregularity of the inci- 
dence of postA'accinial encephalitis might be explained on this basis. 
Zinnser pointed out that the postvaccinial complication has occurred 
much more frequently in the northern than in the southern countries of 
Europe and has suggested that deficiency of rdtamins might explain the 
differences in susceptibility. 

ACTIVATION OF SOME OTHER VIRUS 

The Andrewes Committee® referred to the activation of some 
concurrent infections, such as leprosy, by vaccinia and on this analogy 
based their suggestion of a possible activation of some virus, known or 
unknown, causing postvaccinial encephalitis. The fact that no known 
virus, other than that of vaccinia, has ever been isolated from the brain 
in fatal cases appears to indicate that the supposed activated virus is 
one at present unknown. Kraus and Takaki claimed that by a 
special technic for the fixation of alexins they had demonstrated in 
one fatal case the presence of a virus related to herpes, but their work 
has not been confirmed. The most convincing evidence that the post- 
vaccinial condition is caused by the activation of some unknown Aurus is 
found in the clinically and possibly pathologically similar conditions 
occurring independently and following other exanthems. These con- 
ditions have been described in some detail, and it has been emphasized 
that onl}’- in the cases folloAAung smallpox and measles and possibly 
some independent cases has a definite histologic similarity to postvac- 
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cinial encephalitis been proved. McIntosh considered cerebral complica- 
tions of smallpox as evidence of the vaccinial nature of postvaccinial 
encephalitis and regarded cases of encephalitis in measles as similar 
because caused by a virus having properties similar to the variola- 
vaccine viruses. The recent increase in the incidence of these similar 
conditions coincidental with the apj^earance of the vaccinial complica- 
tion is stressed by the supporters of the activation theory^'*'’ who con- 
sider it difficult to assume a sudden rise in the encephalitogenic prop- 
erties of all these viruses simultaneously. But it is likely that changes 
in individual susceptibilit)'' to one encephalitogenic virus would also 
make for greater susceptibility to other similar viruses, so that it is not 
necessary to assume a second virus to explain these coincidental varia- 
tions in incidence. The Andrewcs committee ^ considered the irregular 
grouping of postvaccinial cases as indicating the occurrence of small 
foci of carriers of a neurotropic virus activated by the vaccinations. 
Kndpfelmacher suggested that the supposed greater susceptibility of 
children of school age is due to the greater exposure of these children 
to possible encephalitogenic viruses. Greenfield quoted a case 
reported by Lucas in which variolar encephalitis and encephalitis com- 
plicating measles occurred in the same patient some years apart and 
suggested this as evidence of activation of a latent virus ; but possibly 
a more plausible explanation would be that the patient had a peculiar 
susceptibility to these encephalitogenic viruses. The cases occurring 
in the same families at long intervals could be explained on the same 
basis. On the experimental side Zurukzoglu and Levaditi and 
Nicolau attempted to show that vaccine virus is capable of activiating 
subinfective doses of herpes virus, but Maitland and Gordon were 
unable to confirm this. 

The activation of, or the introduction of, bacteria or other larger forms by 
vaccination has been considered, but the great majority of workers have been 
unable to cultivate bacteria from the brain or cerebrospinal fluid in cases of post- 
vaccinal encephalitis. Cases have been produced by the use of bacteriologically 
sterile neurovaccine, ruling out the introduction of bacteria by the lymph. Certain 
workers, however, have obtained results that suggest the activation of bacteria. 
Bijl (Gildemeister isolated from the brain in two cases a pleomorphic strepto- 
coccus that produced fatal encephalitis on intracerebral injection into rabbits. The 
lesions were not like the lesions in postvaccinial encephalitis, however. Aldershot! 
and Pondman^®® isolated Bacillus bipolaris from the lymph used and from the 
nasal discharges in a case. They proved that intracerebral vaccination in rabbits 
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activated B. bipolaris alread}'^ present and were able to isolate the organism from 
the brains of these rabbits. Bondman and Bette (Gildemeister ^4) also showed an 
activation of B. bipolaris in vaccinated rabbits, but showed that it could produce 
only meningitis and not encephalitis. Kling, Lonberg and Wassen found in the 
brain in fatal cases some round and oval bodies which they regarded as 
protozoa and considered were activated by the vaccination, and caused the cerebral 
lesions. Recently Aldershoff reported finding certain yeast cells in the throats 
of persons with postvaccinial encephalitis and of contacts and in the cerebro- 
spinal fluid of one, but never in the lymph used. Intravenous injections of the 
cultures of these organisms produced nervous symptoms in rabbits. A monkey 
nasally infected with the organisms showed nervous symptoms, and the 3 'east 
cells were found in the brain. The organism was found in the brain in six of 
eight postvaccinial cases and in poliomr-elitic material which Aldershoff obtained 
from the Basteur and Rockefeller Institutes. He considered this organism to be 
related to, if not identical with, the globoid bodies of Flcxner, the streptococcus 
of Rosenow and the protozoon of Kling. 

The assumption of a second unknown virus has been objected to 
by McIntosh on the ground that it introduces an unnecessaiy compli- 
cation. It is, however, necessary to assume some factor in addition 
to vaccination to explain the peculiarities of the epidemiology, and the 
assumption of a tdrus might seem to be no more complicating than the 
assumption of a variation in susceptibility. But it is questionable 
whether the epidemiology can be explained by the assumption of an 
activated virus alone. By analogy with the virus of poliomyelitis a virus 
occurring in so many different areas would in time be generally dis- 
tributed within these areas (especially the urban), and the irregular 
distribution of cases would still require a variation in susceptibility 
for its explanation. The lack of multiple cases in the same family, a 
feature of the postvaccinial disease, as well as of poliomyelitis, is much 
more easily explained by a difference in susceptibility than by the 
assumption that one child in the famil)'’ is infected with the unknown 
virus, while the others are not. 

Allergy. — A third possible etiologic explanation has been advanced 
by several observers. Starting with the fact that the period of incu- 
bation is the same as that required for the development of vaccinial 
immunity, Glanzman suggested that the changes in the central 
nervous s)'^stem result from a local anaphylactic reaction between the 
virus and the cellular antibodies. The virus in this process is simul- 
taneously destroyed, which explains its absence from the brain. The 
theory in this form could be easily adapted to the theory that the vac- 
cine virus is the cause if one agreed with Pirquet that the 
essential process in infection with vaccine virus is an allergic one 
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and that the time necessary for the lesions to show themselves is the 
time required for the production of antibodies. Certain authors have 
postulated a less specific and more indefinite allergic process. Keller 
and Schaefer considered the process one of sensitization to an 
already present virus. Rivers,®^ on the basis of certain nervous con- 
ditions produced in rabbits by the intradermal injection of streptococci 
and pneumdcocci and on the basis of the cases of paralysis produced 
by antirabic treatment, was inclined to give some measure of support 
to an explanation by allergy, but he did not enter into details as to the 
possible mechanism of such a process. Of interest in this connection 
is the case reported from China in which urticaria followed a few 
minutes after vaccination and encephalitic symptoms occurred in ten 
days. While the assumption of such a basic allergic reaction to explain 
the various similar conditions discussed is attractive and with more 
evidence may prove to be correct, there is at present no evidence requir- 
ing the acceptance of such an explanation. 

PROPHYLAXIS AND TREATMENT 

Since the etiologj' of postvaccinial encephalitis is still in question, many measures 
for prevention or treatment must be tentative and of doubtful value. Various 
suggestions have been made by the committees appointed to study the problem 
and by independent authors. The following measures have been recommended : 
the use of only one insertion of lymph at vaccination ; the dilution of the lymph 
used; primary vaccination in early infancy rather than later; the vaccination only 
of children in perfect health ; rest in bed for the vaccinated one while the febrile 
reaction is present; cessation of vaccination in regions where epidemic nerA'Ous 
disease is present. Doerr suggested that subcutaneous injection of killed virus be 
tried in place of vaccination by living virus, but the problem of immunization by 
killed virus is still far from solution and this procedure will probably not be 
practicable until some means have been found for concentrating the virus. If the 
condition proves to be due to vaccinial infection of the brain, the fact, noted hereto- 
fore, that certain strains of virus produce cerebral lesions in rabbits readily, while 
other strains do not, may prove to be of importance. In the treatment of patients 
with postvaccinial encephalitis, it is probably advisable to administer serum from 
some person recently vaccinated, although proof of the efficacy of this is still 
lacking. 

• It is important to emphasize the extremely low incidence of postvaccinial 
encephalitis, the incidence being especially low in this countr}'. There is no 
necessity for any cessation of vaccination, since the benefits gained enormously out- 
weigh the possibilities of danger ; but cases that occur should be reported, so that 
■ all the information possible can be obtained. 


SUMMARY 

The three most important etiologic theories may be briefly considered 
again: There is much evidence in favor of the assumption that post- 
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vaccinial encephalitis is caused by the direct action of vaccine virus on 
the brain, but two important objections to this are not yet satisfactorily 
explained — the lack of vaccine virus in the brain in most cases and the 
differences between the lesions in man and those produced experiment- 
ally in animals. The work of McIntosh may, with further corroboration, 
remove the second obstacle. The epidemiologic facts apparently opposed 
to this theory can be explained by the assumption of variations in sus- 
ceptibility to the encephalitogenic action of the vaccine virus. The 
theoi'y of an activation of some unknown virus is largely supported 
as an alternative explanation by those who regard the obstacles to the 
acceptance of the first explanation as tmsurmountable. There is little, 
if any, positive evidence in favor of this theory which cannot be equally 
well explained on the basis of the theory that the vaccine virus is tlie 
cause. The conception of an allergic reaction as an explanation has 
no direct evidence in its favor. 



Notes and News 


University News, Appointments, Promotions, Resignations, Deaths, 
etc. — In the Rockefeller Institute for Medical Research, Oskar Seifried has 
been promoted from associate to associate member, and George P. Berry, Elmer 
E. Fleck, Thomas Francis, Jr., Raymond C. Parker and Robert E. Steiger from 
assistants to associates. 

In the school of medicine of the Creighton Universit}', Omaha, Thomas 
McCurdy and Clarence Moran have been appointed assistants in pathology; 
M. W. Barry has resigned as instructor in pathology. 

Max Cutler has resigned as director of research and attending radiation 
therapist in the New York City Cancer Institute to accept the directorship of the 
tumor clinic of the Michael Reese Hospital in Chicago. 

Taichi Kitashimi has been elected director of the Kitasato Institute for Infec- 
tious Diseases, Tokio, to succeed the late Shibasaburo Kitasato. 

New appointments to the staff of the New York Hospital-Cornell Medical College 
Association include Eugene L. Opie, now professor in the University of Pennsyl- 
vania, as professor of pathology and pathologist to the hospital, and James M. 
Neill, now professor in Vanderbilt University, as professor of bacteriology and 
immunology. James Ewing retires from the professorship of pathology at Cornell, 
which he has filled since 1899, and will devote himself to the study of cancer and 
to the Memorial Hospital where he is president of the medical board. 

Departmental Bibliography in Place of Collected Reprints. — Instead 
of supplying bound volumes of reprints, as has been the custom, the department 
of pathology of Columbia University, New York, has prepared a list of the recent 
publications by its members, reprints of which may be obtained on request. 

Recommendations About Postmortem Examinations in New York City. 
— Recommendations to bring about cooperation between hospital authorities and 
funeral directors in the matter of postmortem examinations are set forth in the 
report of a joint committee representing the New York Academy of Medicine, 
the New York Pathological Society and the Metropolitan Funeral Directors’ 
Association. The committee urges that hospitals avoid unnecessary delays in 
obtaining permission for necropsies, that they should obtain necessary data for a 
death certificate when a patient is admitted and that they arrange to inform 
funeral directors promptly when bodies are ready. The funeral director on his 
part must recognize the obligation of the hospital to obtain permission from the 
family of the deceased for examination. He must present to the hospital acceptable 
written authority from the family to take charge of a body. Other recommendations 
concern the selection of funeral directors by hospital authorities, reports of 
death to the medical examiner and the technic of necropsy. It is suggested that 
an embalmer be present at the examination. Finally, the committee recommends 
the appointment of. a continuing joint committee representing the same organiza- 
tions with the addition of a representative of the hospital executives. The 
report was approved by the council of the New York Academy of Medicine 
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Experimental Pathology and Pathologic Physiology 

Studies on the “Acid Deficit” in Pernicious Anemia. Joseph E. Con- 
nery and Norman Jolliffe, Am. J. M. Sc. 181:830, 1931. 

A return of free acid in the gastric contents is reported in one patient suffer- 
ing from pernicious anemia. In eleven cases of pernicious anemia no change in 
‘‘acid deficit” could be demonstrated following liver treatment over a period of 
from one to fourteen months. Authors’ Summary. ' 

The Relation of Broca’s Center to Lefthandedness. Karl Rothschild, 
Am. J. M. .Sc. 182:116, 1931. 

Location of speech center and preference for one side of the body stand in 
only loose connection. Location of Broca’s center in the right hemisphere is 
compatible with right handedness. Description of two such cases, discovered 
following apoplectic insults, is herewith presented. In both cases there are left 
handed and right handed persons in the family. A combination of both “seitig- 
keitsanlagen” produces true left sidedness. Author's Summary. 


Further Studies in a Case of Calcification of Subcutaneous Tissue 
(“Calcinosis Universalis”) in a Child. W. Bauer, A. Marble and 
G. A. Bennett, Am. J. M. Sc. 182:237, 1931. 

Further studies in a case of “calcinosis universalis” are reported. Studies of 
calcium and phosphorus balance indicated a marked tendency to retain the absorbed 
calcium and phosphorus in spite of normal blood calcium and phosphorus values. 
This tendency was more marked in the case of calcium than phosphorus. Ammo- 
nium chloride acidosis produced an increase in the urinary excretion of calcium 
and phosphorus. Chemical analysis of a calcareous nodule removed at biopsy 
showed the presence of a negligible quantity of uric acid, a moderate amount of 
cholesterol and fatty acids, and calcium and phosphorus in the amount and ratio, 
one to the other, commonh- found in adult bone and pathologic human calcification. 
Histologic study showed no evidence of antecedent tissue necrosis, nor did it 
suggest any explanation for the abnormal calcium deposits. The foregoing results 
suggest that the basis of the disorder lies in an abnormality of calcium and 
phosphorus metabolism. It is suggested that the increased retention of calcium 
and phosphorus may be the result of local cellular conditions as yet undetermined. 

Authors’ Summary. 

The Epithelioid Cells. R. S. Cunningham and Edna H. Tompkins, Am. 
Rev. Tuber c. 23:71, 1931. 

It seems that many substances introduced into' the subcutaneous connective 
tissues are capable not only of producing accumulations of large mononuclear 
cells, but of modif 3 'ing the morphology and phj'siology of 'these cells in different 
ways. When the material introduced into the tissues interferes with the normal 
metabolism of the cell it is probable that epithelioid cells are produced. This 
seems true^ whether the interference acts from within or without the cells. The 
authors wish to present their ideas merely as a different approach to cellular 
physiology and pathology than has previouslj' been possible. 


H. J. CORPER. 
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Nutritional Muscular Dystrophy. M. Goettsch and A. M. Pappenheimer, 
J. Exper. Med. 54:145, 1931. 

A diet is described that leads to a progressive, highly selective, and ultimately 
fatal dystrophy of the voluntary muscles. Guinea-pigs and rabbits are susceptible, 
rats resistant. The diet used is complete in known requirements, except for 
vitamin E; the addition of this factor, however, does not prevent the development 
of the disease. The lesions are not due to inanition, infection or scurvj', and 
must be referred to some still unknown factor. Authors^ Summary, 

Nerve Endings in Muscular Dystrophy. W, Af. Rogers, A. M. Pappen- 
heimer and Af. GoErrscii, J. Exper. Aled. 54:167, 1931. 

The nutritional muscle dystrophy of guinea-pigs and rabbits is primarily a 
degeneration of the muscle fibers and is not associated with visible alterations of 
the peripheral nerves or their motor terminals. Authors’ Summary. 


Effect of Testicle Extract on Red Cells. G. Favilli, J. Exper. A'led. 

54:197, 1931. 

Testicle extract possesses a notable power to increase red cell fragility. Testicle 
extracts of the rat, rabbit and guinea-pig all exhibit this property, which is most 
pronounced with the extract of the rat and least so with that from the guinea-pig. 
Splenic extract does not possess the property, or possesses it only to a very slight 
degree. These results support the hypothesis that the factor in testicle extract 
that enhances infections (the Reynals factor) does so by altering the permeability 


of the host tissue. 


Author’s Summary. 


Pyocyanine, an Accessory Respiratory Enzyme. E. A. H. Friedheim, 
J. Exper. Aled. 54:207, 1931. 


Pyocyanine, the blue pigment of B, pyocyaneus, can increase the respiration of 
living cells to a great degree (maximum observed increase twenty-four fold). 
The reversibility of its oxidation and reduction is responsible for this. The effect 
is nonspecies-specific and has been observed in varying degrees with B. pyocyaneus, 
Staphylococcus aureus, Pneumococcus type III and the red blood corpuscles of 
rabbits. The effect of pyocyanine is dependent on the presence of another respira- 
tory ferment sensitive to potassium cyanide and carbon monoxide. The increase 
of respiration induced by pyocyanine is paralleled by an increase in the respiratory 
quotient. The pyocyanine catalysis is not indiscriminately effective in all oxida- 


tions, but only in the oxidation of certain substances closely associated with the 


bacterial body. 


Author’s Summary. 


Age of Lymphocytes in Peripheral Blood. B. K. Wiseman, J. Exper. 

Aled. 54:271, 1931. 

The study of blood from rabbits with normal and with h 3 'peractive lymphatic 
tissue reveals, in the latter, a greater percentage of lymphocytes with heavily 
basophilic cytoplasm and numerous mitochondria. This indicates that cytoplasmic 
basophilia and mitochondrial content can serve as criteria of the degree of maturit}' 
of the lymphocyte, these characters having the same significance in this relation 
as obtains with other blood cells. Basophilia is the more evident and reliable 
indicator of youth of the cells. The classification of lymphocytes into three groups, 
according to degree of basophilia, has jdelded figures that show the proportions 
of the three to be relatively stable in blood from normal adult human beings and 
rabbits. Size is not strictly a function of age in lymphocytes. Aforeov^er, there 
IS no correspondence in the size of lymphocytes in supravital films and in fixed 
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specimens obtained by the “cover glass” method. There is a change of size during 
fixation. Although lymphocytes of intermediate and large size may be of any 
age, in supravital preparations the majority are young cells, vrhereas in fixed 
films the reverse obtains. The small lymphocyte may be of any age in specimens 
examined by either technic. The total number of lymphocytes circulating at any 
given time is not necessarily an index to lymphoid activity. 

Author’s Sumaiarv. 

Myocardium in Yellow Fever. Wray Lloyd, University of Toronto Studies, 

Pathologic Series, No. 8: University of Toronto Press, 1931. 

An attempt at a physiopathologic correlation has been made in a myocardial 
disease that can be reproduced alone in a healthy animal and made the basis 
of a laboratory experiment. Attacking the problem in this fashion, an especial 
effort has been extended to answer two questions proposed for solution, when 
the problems of the study were first stated. At this time, the need of determining 
the cause of the bradycardia in yellow fever and of learning the significance and 
constancj' of the degenerative lesions of the mj'ocardium was stressed. A solu- 
tion to the former is stronglj^ suggested in the degenerative lesion of the sino- 
atrial node, and an answer to the latter is found in the parallelism of occurrence 
of the electrocardiographic evidences of altered function with the appearance of 
degenerations in the auricular muscle, auriculoventricular bundle and ventricle. 

Author’s Suaimary. 

Effects of Heaiorrhage on the Vascular Nervous Mechanisal A. 

Chauchard, B. Chauchard and D. T. Barry, Brit. J. Exper. Path. 12 : 

190, 1931. 

Modifications of the excitabilit}' of the parasympathetic inhibitor}' mechanism 
of the heart and of the vasomotor mechanism are shown to occur as a result of 
hemorrhage in dogs. Changes of the rheobasis are not distinctive in value, and 
this holds for both peripheral and central stimulation of the inhibitory apparatus 
and for central stimulation of the vasomotor. The chronaxia, on the other hand, 
is invariably increased by loss of blood for all the reactions tested, and the extent 
of the increase is roughly proportional to the severity of the hemorrhage. Res- 
toration of the blood lost, after defibrination, causes more or less complete return 
to former values of excitability. Temjiorary recovery of tliese values is also 
determined by injection of saline solution. Authors’ Summary. 

The Causes of Icterus Neonatoruai. IC J. Anselaiino and F. Hoffaiann, 

Arch. f. Gynak. 143 : 477 , 1931. 

The cause of the increased amount of hemoglobin, erythrocytes, glutathione, 
total blood volume and blood catalase, relative increase in the weight of the heart 
and rapid pulse in the fetus lies in the condition of lowered oxygen tension under 
which it lives. The sum of the alterations mentioned is entirely similar to the 
changes noted both in mountain climbers and in animals kept experimentally 
under conditions of lowered oxygen tension identical with those of high altitudes. 
The oxygen tension in the maternal uterine artery averages 14.56 per cent by 
volume, whereas the ox}'gen tension in the corresponding fetal umbilical arteries 
is only 3.53 per cent by volume — about one-fourth that of the maternal blood. 
The average hemoglobin is 24 Gm. per hundred cubic centimeters (150 per cent) 
and erj'throcyte count 6,500,000 per cubic millimeter. The total blood volume 
averages 12 per cent of the body weight, an increase of 50 per cent above normal. 
In the acclimatization of the new-born infant to the conditions of atmospheric 
air the hemoglobin rapidly undergoes decomposition and bilirubin in the blood 
plasma rapidly rises for several da 3 's after birth, just as it does in animals experi- 
mentally acclimatized to conditions of high altitude and suddenly reacclimatized 



ABSTRACTS FROM CURRENT LITERATURE 


637 


to oxygen tension at normal altitude. This unusually high bilirubin content of 
the plasma offers a part of the explanation of the occurrence of icterus. How- 
ever, it fails to explain why icterus does not occur in about 20 per cent of the 
new-born infants. 

A second factor, that of variability in the permeability of the cutaneous capil- 
laries, is very important. Localized icterus can be produced in nearly all new- 
born infants by the cataphoretic introduction of histamine into the skin. The 
increased permeability of the capillaries so produced causes the visible appearance 
of icterus in the area of skin treated. Lawrence Parsons. 

On the Origin of Hypophvseal Cachexia (Simmond’s Disease). W. 

Merz, Frankfurt. Ztschr. f. Path. 40:452, 1930. 

Two cases are reported. The first case was that of a 35 year old man who 
showed progressive loss of weight, gastric distress, alimentary glycosuria, 
decreased basal metabolism, increasing weakness and neurasthenia. These symp- 
toms were manifest for seventeen 3 ’'ears and were first noticed shortly after an 
attack of angina. At autopsy, a colloid cyst of the size of a pea was found in 
the midportion of the hypophysis. The cyst had led to a diminution of the size 
of the anterior lobe and, to a less degree, of the posterior lobe. Histologically, 
there was a decrease of all the elements of the anterior lobe, but especially in 
the number of eosinophilic cells. In the region of the infundibulum, a marked 
sclerosis and atrophy was found. The thj'roid revealed atrophic changes. The 
diagnosis of h 3 'pophyseal cachexia was made even though a few typical symp- 
toms, such as atrophy of the genitalia and loss of hair, were not present. The 
author suggests that a toxin following angina rather than the colloid cyst had 
led to the changes of the anterior lobe of the hypophysis and to the h 3 ’pophyseal 
cachexia. The second case was that of a 44 3 'ear old woman. Her first clinical 
symptoms were characteristic of exophthalmic goiter. Both superior thyroid 
arteries were ligated. Two months after the operation, she started to lose weight 
and developed a cachexia which became progressively worse. There were no 
changes in the carbohydrate metabolism. The autopsy revealed a marked atrophy 
of the hypoph 3 'sis which weighed 0.4 Gm., pseudocirrhosis and atrophy of the 
liver, cortical contraction of the suprarenals, atrophy of the ovaries and mammary 
glands and a colloid goiter with h 3 'perplasia. The crines pubis were markedly 
reduced. The anterior lobe of the hypoph 3 'sis histologically showed a marked 
sclerosis and actual scar tissue. In several places, foci of lymphocytic infiltra- 
tions were found. The eosinophilic cells were reduced in number. The author’s 
opinion is that a cytotoxin appeared following exophthalmic goiter, which pro- 
duced the changes in the hypophysis, suprarenals, ovaries and liver. The case 
presents a combination of exophthalmic goiter and hypophyseal cachexia which, 
as the author states, is not known in the literature. q 

Genetics and Pathology. S. G. Lewit, Frankfurt. Ztschr. f. Path. 40:552, 
1930. 

deals with the etiology and differentiation of diseases biologically. 
Much weight is put on heredity. The individual variation of the same disease is 
discussed from various angles. An attempt is made to explain a number of 
iseases by a certain constitution (genotype) which is not apparent until external 
m uences make this constitution manifest in the form of a disease. Tuberculosis is • 
an example of this type. Another group of diseases is caused entirely by the 
genoty^ of the individual and does not need external influences to become mani- 
est. Hemophilia is an example of such a disease. The third group embraces 
iseases that^ are produced primarity by external causes, as are most infectious 
c iseases. This type of disease is referred to as paratypic. 


O. Saphir. 
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The Influence of the Female Sex Hormone and the Anterior Hypo- 
physeal Hormone on the Structure of the Hypophysis. B. Zondek 
and W. Berblinger, Klin. Wchnsclir. 10:1061, 1931. 

The morphologic changes caused in the anterior lobe of the hypophysis of the 
rat and mouse by castration are not modified by the prolonged use of the female 
sex hormone. A single dose of the follicle-ripening hormone of the anterior lobe 
of the hypophysis stimulates certain maturation changes in that lobe in the young 
animal. Repeated doses of the follicle-ripening and luteinization hormone cause 
a definite maturation of the anterior lobe. Authors’ Summary. 


Plethora. L. Aschoff, Verhandl. d. deutsch. path. Gesellsch. 25:106, 1930. 

Volumetric studies of the blood from the heart and thoracic aorta in a hun- 
dred autopsies disclosed an increased volume in the following conditions in order 
of importance : essential hypertension with hypertrophic heart and without arterio- 
sclerosis, arteriosclerosis, obliteration of the pleural cavities, primary contracted 
kidne}'s with hypertrophic heart, right-sided cardiac hypertrophy and its related 
causes, toxic goiter and frank valvular lesions. The smallest volume were found 
in acute effusions into the abdominal cavities, fatal peritonitis, sepsis with marked 
perspiration and evaporation, cachexia of carcinoma, and hypertension with sec- 
ondary contracted kidneys. Blood volume increases more rapidly than heart 
weight, in the ratio of 2 : 3.5. Edema, state of coagulation or its lack, regional 
distribution has no direct effect on blood volume. The increase in blood volume 
might be interpreted as an expression of disturbed circulatory mechanism possibly 
due to chemical disturbances. In heart failure from varying causes it might 
be explained as a compensatory process to fill vessels otherwise not distended. 
The increase of blood volume in essential hypertension is not explained. 

Sol Roy Rosenthal. 


The Generalized Changes in Inflammation. B. Fischer-Wasels, 
Verhandl. d. deutsch. path. Gesellsch. 25:115, 1930. 

The injection of kieselguhr subcutaneously into mice and rabbits called forth 
a granulomatous and a necrotic reaction with suppuration. The generalized 
reaction resulting from reabsorption of protein-split products was as follows : 
anatomically, by a rounding of the reticulo-endothelial cells of the liver and spleen 
with swelling of the nuclei and basophilic staining of the cytoplasm; functionally, 
by their mobilization as seen b}' an increased absorption of trypan blue and casein, 
and metabolically, by the increased oxygen consumption. In granulomatous lesions, 
the oxj'-gen consumption is slight .as compared to the necrotic suppurative lesions. 
After evacuation of the pus in the necrotic lesions the oxygen metabolism returns 
to normal. Rosenthal. 


Organ Metabolism by Tissue Activity and Anaphylaxis. W. Bungeler, 
Verhandl. d. deutsch. path. Gesellsch. 25:125, 1930. 

Intravenous injections of casein and horse serum into white rats and subse- 
quent determinations of oxygen metabolism of liver, spleen, kidneys and lungs 
by Warburg’s gasometric methods gave the following results : (o) In animals 

killed immediately after injection, small injections increase and large injections 
decrease the oxj-gen metabolism during the early stages (first five hours) ; later 
there is a constant rise which lasts twenty-four hours and is followed by return 
to normal, (h) During the early stages of phagocytosis of acid dyes, increased 
oxygen consumption was found in the liver, kidneys and other organs, but after 
phagocytosis is completed organ metabolism is again normal, (c) Intravenous 
injection of india ink and immediate killing of the animal with subsequent deter- 
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mination of metabolism showed that only when phagocytosis had ceased did oxygen 
metabolism return to normal, and then only slowly, (d) Guinea-pigs, white 
mice and rabbits killed during typical anaphylactic shock showed marked decrease 
of oxygen metabolism. In animals not sufficiently prepared or sufficiently pre- 
pared but not sensitized, there was marked increase in oxygen metabolism, espe- 
cially in the liver and spleen. Rosenthal. 


Phagocytosis of Colloid Bodies in Living Body^ and in Tissue Cul- 
tures. J. Tannenberg, Verhandl. d. deutsch. path.* Gesellsch. 25:128, 1930. 

The author seeks to prove that phagocytosis is not wholly dependent on the 
increase of particles brought to the cell by the circulation or by the surface area 
of the cells. That there is an increase of phagocytosis by a slowing of the 
circulation, the author shows by his injections of india ink, but the injection of 
trypan blue (which is held in fine colloid suspension), macrophages, histiocytes 
and fibroblasts all having equal exposure to the dye results in a greater phago- 
cytosis by the macrophages than by either fibroblasts or histiocytes. This he inter- 
prets as a difference in function, dependent on the structure of the cell, which 
much be considered as a potent factor in phagocytosis. 

Sol Roy Rosenthal. 

The Pathogenesis of Irradiated Cholesterol Poisoning. G. Schretter 
and L. Haslhofer, Ztschr. f. d. ges. exper. Med. 76:352, 1931. 

When large doses of irradiated cholesterol were given to dogs over a long 
enough period of time, the nitrogenous residuum in the blood became markedly 
increased. No lesions were found in the glomerular tufts of the kidneys. The 
suprarenals, liver and brain showed no changes sufficient to produce the high 
blood nitrogen. Therefore, it is suggested that the disturbance may be metabolic 

Pearl Zeek. 


• » 

The Role of the Spleen in Metabolism. S. G. Stschedrowitzky and S. A. 
Seltzer, Ztschr. f. d. ges. exper. Med. 76:369, 1931. 

Splenectomy in dogs was followed by a slight increase in thyroid function, 

increased alkali reserve in the blood, decreased blood sugar, increased blood 

cholesterol, increased blood calcium and lymphocytosis. Both normal and splenec- 

tomized dogs showed a decrease in blood calcium following the ingestion of spleen. 

Similar feeding caused no change in blood sugar or cholesterol in normal animals, 

but in splenectomized dogs the blood sugar was raised and the cholesterol lowered. 

It is suggested that the spleen may produce a hormone and may be closely related 

to glands of internal secretion. .r, 

Pearl Zeek. 


Experimental Leukosis in the Fowl. O. Thomsen and J. Engelberth- 
Holm, Acta path, et microbiol. Scandinav. 8:121, 1931. 

The paper describes and discusses the results obtained in an effort to produce 
leukosis in the fowl by injections of tar emulsion into the bone marrow. A form 
of tar was used that had been found 'to produce carcinoma of the skin in mice. 
Of sixty-two chickens in which tar was injected into the bone marrow every fifth 
day, nine developed extensive myeloid hyperplasia in various organs and tissues, 
which resembled closely the changes observed in spontaneous myeloid leukosis 
in the fowl. In some of the animals there was an increase in the leukocytes in 
the blood. Repeated intravenous injections of tar emulsion over a period of several 
months have not had any effect. 
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Pathologic Anatomy 

Anomaly of the Biliary Tract. Antonio Gentile, Am. J. M. Sc. 182:95, 
1931. 

A case is reported of communicating ducts between the hepatic and cystic ducts, 
separate entrances of the common and hepatic ducts into the duodenum and an 
occlusion of the common duct. It is presented as a probably unique congenital 
anomaly of the biliary tract. An attempt is made to explain the embryologic 
mechanism underlying this anomaly. , Author’s Summary. 


Intrahepatic Lithiasis. Harry Koster and I. E. Gerber, Am. J. M. Sc. 
182:99, 1931. 

A case of intrahepatic lithiasis is presented with unusually large stones. A 
striking feature of this case is the freedom from symptoms during the long period 
in which the development of the stone undoubtedly occurred. A discussion of the 
causes and associated features of the development of stone is presented. 

Authors’ Summary. 

A Persistent Ostium Atrioventriculare Commune with Septal Defects 
IN A Mongolian Idiot. G. M. Robson, Am. J. Path. 7:229, 1931, 

A case is' reported in which a persistent ostium atrioventriculare commune is 
associated with a defect in the base of the interventricular septum and a persistent 
ostium primum. This occurred in the heart of a Alongolian idiot who showed also 
a complete absence of true ovarian tissue. The cardiac defect is believed to be due 
to faulty development of the endocardial cushions. Four of the nine similar cases 
found reported in the literature occurred in Mongolian idiots. 

Author’s Summary. 

The Specific Character of Toxic Cirrhosis in Cinchophen Poisoning. 
D. C. Beaver and H. E. Robertson, Am. J. Path. 7:237, 1931. 

Preparations of cinchophen have been shown definitely to be toxic for certain 
persons. The toxic effects are directed most severely and specifically against the 
liver. Unknown factors, apparently independent of the quantity of the drug used, 
appear to be significant in creating a predisposition or idios 3 'ncrasy for the drug. 
Various grades and stages of hepatic degeneration have been described. These 
are presumably dependent on the completeness and rapidit}"^ of the initial reaction. 
The reaction may be rapid and complete, with the induction of acute atrophy of 
the liver, or slower and less complete, with apparent recovery. Intermediate betiyeen 
these two extremes subacute forms of intoxication may ensue and may become 
.manifest both clinically and pathologically as a type of hepatic atrophy or cirrhosis, 
which corresponds in its anatomic characteristics to the distinctive toxic cirrhosis as 
described by Mallory. The clinical and anatomic characteristics of toxic cirrhosis 
appear to be specific and essentially dissimilar to the ordinary Laennec or portal 
type. The clinical data and correlated studies of pathologic anatomi’’ in five cases 
of intoxication from cinchophen constitute the basis for this study. 

Authors’ Summary. 

Granulomatous Abscess of the Liver of Pyogenic Origin. D. C. Beaver, 
Am. J. Path. 7:259, 1931. 

Abscesses of the liver, originating from within the field of drainage of the 
portal vein, form a significant clinical and pathologic group. They usually take 
origin from primary intestinal foci througli the production of local thrombo- 
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phlebitis. The hepatic suppuration develops from the passage of infected emboli 
from the primary foci by way of the portal circulation to the liver. The primary 
thrombophlebitis may induce thrombosis of the portal vein and pylephlebitis, or this 
feature of the lesion may be absent. As the cases emphasize, the primary focus 
may be cryptogenic. From the appearance of the abscess, however, the source may 
be suspected. A characteristic distribution and type of abscess are produced by each 
method' of hepatic dissemination. The abscesses of portal origin arc at first multi- 
locular, owing to the multiple foci in emboli. Each multilocular abscess usually 
remains discrete, although it may be multiple. Involvement of the right lobe alone 
is most common. General hepatic dissemination, in this type, is unusual. The 
significance of the p 3 'ogenic cocci as etiologic agents has been emphasized. The 
illness associated with abscess of the liver may be extremely insidious, and as the 
primary focus may be cryptogenic, so also the hepatic lesion itself may exhibit 
this same characteristic. Progression into extreme chronicity may occur, with 
preservation of the original multilocular arrangement, or a solitary, adequately 
encapsulated abscess may result. In the cases of extreme chronicity a granulo- 
matous reaction has been found, with the pyogenic cocci demonstrable as the 
etiologic agents. Such cases resemble the granulomas of actinomycosis in their 
chronicity and in their granulomatous characteristics. Eight cases representative 
of pyogenic abscesses, possessing granulomatous changes in various stages of 
their evolution, have been presented. Author’s Summary. 


Erythroblastosis with Jaundice and Edema in the Newly Born. J. A, 
Ferguson, Am. J. Path. 7:277, 1931. 

In the six cases reported, in all of which the patients died during birth or 
shortl}’- after, a detailed description of the pathologic changes has been given. The 
outstanding feature was the occurrence of abnormal extramedullary hematopoietic 
activity in full term nonsyphilitic infants. In each instance there was a persistence 
of the fetal mode and location of blood-forming activity without a corresponding 
retardation in general embryologic development. Three cases showed marked 
jaundice at birth. In one of these, bile stasis was present in the liver. This may 
have been due to excessive hemolysis of large numbers of imperfectly differentiated 
erythrocytes loading the liver cells with bile pigment more rapidly than it could be 
taken care of by the bile-excreting apparatus. One of the three cases showing 
jaundice was complicated by an infection, but this was not thought to be related to 
abnormal hematopoietic activity or to the jaundice. Two cases showed marked 
edema at birth, which corresponded to the condition known as hydrops congenitus. 
One case showed neither jaundice nor edema. All cases showed a marked enlarge- 
ment of the spleen and liver. The features which these cases have in common 
with well known disease conditions of infancy have been discussed. A few factors 
that are thought to be of etiologic significance have been mentioned. However, the 
cause is still unknown. The cases described in this report, when considered as a 
group, are probably representative of a definite disease entity of the newly born, 
and whatever the etiology may be, the underlying cause is undoubtedly the same 
in each instance, whether or not the individual case is characterized by jaundice 
or edema, or whether both jaundice and edema are lacking. The term erythro- 
blastosis in the newly born is applied to the pathologic syndrome described in the 
. six cases reported here because it best depicts the anatomic changes. 

Author’s Summary. J 


Streptococcus Hepatitis. H. E. MacMahon and F. B. Mallory Am T 
Path. 7:299, 1931. iacloky. Am. J. 

The more common inflammatory changes in the liver in cases of streutococcus 
infection with and without septicemia are described. Emphasis is laid on a less 
common lesion, of which three cases are given in detail. This is characterized by 
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focal or diffuse areas of liver tissue showing necrobiotic changes and necrosis, 
infiltrated with an inflammatory exudate. A Gram-Weigert stain shows strepto- 
cocci in large numbers in the lesions of two of these livers. The similarity of 
this lesion to the histologic picture at times encountered in acute yellow atrophy is 
discussed, and the suggestion is made that a careful bacteriologic search of the 
liver in the fixed preparation together with a culture of the liver at the time of 
the autopsy might reveal bacteria within the lesions more commonly than is 
suspected — particularly in those cases of so-called acute yellow atrophy showing a 
very irregular distribution of the lesion — a condition that is extremely difficult to 
explain purely on the basis of a circulating toxin in the blood. Another case is 
described with a chronic inflammatory reaction within the liver, showing on the 
one hand degeneration, necrosis, exudation and bacteria, and on the other a very 
active proliferation of bile ducts and connective tissue. This case is presented more 
for discussion than as a proved case of chronic progressive cirrhosis of infectious 
origin. The last point that is considered is the histologic and gross changes that 
one may find in the healed stage of these acute and chronic inflammatory lesions. 
The second part of the paper is devoted to the results of experimental work. A 
streptococcus obtained from an early case of scarlet fever was injected free from 
toxin into one of the radicals of the portal veins of both guinea-pigs and rabbits. 
The animals were killed at varying intervals, and the lesions produced, together with 
the results of bacteriologic studies, are fullj' described and compared with the 
lesions seen in cases in human beings. Authors’ Summary. 


Pulmonary Asbestosis. Willard B. Soper, Am. Rev. Tuberc. 22:571, 1930. 

A case of typical asbestosis is reported. The most common single symptom of 
pulmonary asbestosis is dyspnea. This and the other symptoms are essentially those 
of a generalized progressive fibrosis of the lungs. The physical signs are sub- 
stantially those of generalized fibrosis of both lungs and basal pleurisy. Asbestos 
contains but a small amount of free silica, but probably conduces to a more hasty 
evolution of any accompanying tuberculosis as in the better understood forms of 
silicosis. An immediate diagnosis at autopsy is made possible by simplj’’ squeezing 
out a drop of juice from the lung when the asbestosis bodies in large numbers 


are readily visible under the microscope. 


H. J. CORPER. 


Encephalitic, Idiopathic and Arteriosclerotic Parkinsonism : A Clinico- 
PATHOLOGic Study. Moses Keschner and Paul Sloane, Arch. Neurol. & 
Psychiat. 25:1011, 1931. 


Anatomic observations are contrasted in seven cases of parkinsonism that were 
observed clinically for about seven years. Three of the cases were diagnosed as 
chronic encephalitic parkinsonism, two as idiopathic or genuine Parkinson’s disease 
and two as arteriosclerotic parkinsonism. The changes in the three types were 
most frequent and marked in the substantia nigra and globus pallidus (the palli- 
donigral system) ; the locus caeruleus was practicallj" as frequently involved as 
the substantia nigra. The pallidum seemed to have been affected mostly in the 
idiopathic cases. The cerebellum was intact, while other basal formations (the 
putamen, optic thalamus, red nucleus and h 3 'pothalamus) were involved in the three 
tj’pes. The changes in the encephaltic type were both degenerative and inflam- 
matory; the latter, however, may be quite mild, when the case may resemble the 
genuine type of parkinsonism. In these cases inflammatory perivascular infiltra- 


tions were absent. The arteriosclerotic form could be suspected from the condition 
of the arteries. The anatomic changes are not characteristic enough to permit of a 
differential diagnosis between the three types. In all of them the process is diffuse 
and is hardty ever localized. For this reason it is not possible to correlate the 


anatomic observations with the clinical picture. 


George B. Hassin. 
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The Origin and Formation of Senile Plaques^. Armando Ferraro, Arch. 

Neurol. & Psychiat. 25:1042, 1931. 

Ferraro found that the senile plaques originate from nerve cells, oligodendroglia 
(the glia nuclei of Nissl) and especially microglia cells. In rare instances fat 
granule bodies are found in them. The oligodendroglia and microglia undergo 
disintegration, with the formation of a granular amorphous substance. This con- 
stitutes the argyrophile substance of the plaque, thus contributing to the increase in 
size of tlie plaques. Surrounding the plaques, usually at some distance, are 
numerous astrocytes, mainly as a reaction. Sometimes they form a part of the 
plaque, when they degenerate and thus also contribute to the increase in size of 
the plaque. The axis cylinders of a plaque are broken up. Ferraro believes that 
oligodendroglia and microglia cells may undergo some particular changes and 
constitute a small plaque. 

More numerous are the plaques developing from microglia cells. Minute 
plaques may also originate from transformed nerve cells. From the various single 
elements forming small plaques, larger plaques form either by fusion of the 
former or by degeneration of oligodendroglia and microglia. Nerve fibers never 
give origin to senile plaques, but contribute to their growth through a process of 
fragmentation and gradual disintegration of the neurofibrils. 

George B. Hassin. 


Encephalitis Periaxialis Diffusa (Schilder’s Disease). C. Davison and 
W. Schick, Arch. Neurol. & Psychiat. 25:1063, 1931. 

A detailed clinical and pathologic report of Schilder’s disease is given because 
of the unusual features: marked signs of extrapyramidal disorder and bilateral 
optic atrophy. The striking pathologic features were the bilaterality of the process, 
which extended from the frontal to the occipital lobe, and involvement of the 
corpus callosum, optic nerves, ependyma and basal ganglions. The changes were 
mainly degenerative, probably due to a toxin. The authors offer to call Schilder’s 
disease encephalopathia periaxialis diffusa. George B Hassin 


The Nervous Lesions of Subacute or Chronic Experimental Poliomye- 
litis. Bettina Warburg, Arch. Neurol. & Psychiat. 25:1191, 1931. 

Fifteen rhesus monkeys infected with poliomyelitis were kept alive for from nine- 
teen to thirty days after the onset of symptoms, and the spinal cord, medulla, basal 
ganglions, cortex and cerebellum were studied. Regardless of the mode of infec- 
tion, the severest lesions were in the lumbar cord; meningitis was not a prominent 
feature; the blood vessels of the anterior horns were more infiltrated with lympho- 
cytes and polymorphonuclears than elsewhere. The tissues were also infiltrated, 
especially in areas of severe parenchymatous destruction. Here the infiltrating 
cells were lymphocytes and microglia cells. The fibrous and protoplasmic astro- 
cytes were also in evidence, but oligodendroglia cells were practically absent. Fewer 
anterior horn cells survived in the lumbar than in the cervical region, and in the 
earlier stages satellitosis was more common than neuronophagia, which was a 
prominent feature in the later stages. 

Neuronal destruction was present mainly in the anterior horns ; it was mild in 
Clarke’s columns, in the lateral and posterior horns and in the medulla, pons, 
midbrain (including the substantia nigra and red nucleus) and basal ganglions! 
The corpus striatum was practically intact. The meninges over the cortex were 
more involved than over the spinal cord, while parenchymatous cortical changes 
were^ present in the anterior, frontal, precentral and posterior central areas. No 
relationship was noted between the extent of the perivascular infiltrations and the 
degenerative changes which progressively decreased cephalad. In the medulla the 
sensory nuclei were also involved, and in four animals that made good functional 
recoveries inflammatory changes persisted in the central nervous system. 

* George B. Hassin. 
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Death in Asthma, with Autopsy. A. M. Fisher and J. P. Beck, J. Allergy 
2:149, 1931. 

A man, aged 32, died during an acute attack of asthma. Air had escaped into 
the chest cavities through small ruptures of the emphysematous lungs, which were 
not collapsed. The bronchioles were narrow and plugged with thick mucus con- 
taining eosinophils and Curschmann’s spirals ; the mucosa was thrown into folds ; 
the basement membrane was thick and hyaline; the muscular wall was hyper- 
trophied, and all the layers were infiltrated \yith plasma cells and eosinophils. The 
right side of the heart was hypertrophied. 


Roentgenograms in the Study of Intracranial Hemorrhage in the New- 
born. F. M. B. Allen and H. I. McClure, Arch. Dis. Childhood 6:97, 1931. 

Intracranial hemorrhages in the new-born may be studied with advantage by 
stereoscopic roentgen examination after the injection of a contrast medium 
(“rontyum”) into the carotid artery. 


The Relation of the Nervous System to a Patchy Ischaemia (Bier’s 
Spots) in Animals. H. P. Gilding, Brit. J. Exper. Path. 12:66, 1931. 

The patchy ischemia observed after hemorrhage occurs in the absence of vaso- 
motor control of the minute vessels concerned. The compensatory vasoconstriction 
that occurs after hemorrhage is a predisposing cause of the intense local ischemia 
observed. The production of ischemic patching in animals in denervated areas is 
in agreement with observations on Bier’s spots in man. Author’s Summary 

The Repair in Vitro of Embryonic Skeletal Rudiments After Experi- 
mental Injury. J. S. F. Niven, J. Path. & Bact. 34:307, 1931. 

The rudimentary bony structures of the fowl and the mouse embryo were 
studied on cultivation in vitro after they had been fractured or incised. The results 
of the reparative process, which varied according to the period of embryonic life 
at which the injury was made, are described. 


Mitochondrial Changes in Oxalate and Uranium Nephritis. J. Gough, 
J. Path. & Bact. 34:423, 1931. 

In experimental oxalate and uranium nephritis in rabbits, the mitochondria are 
the first of the cell constituents to show alteration from the -normal. Mito- 
chondrial changes are of value in the determination of the time of onset of cellular 
reaction to injury. Granulation and fusion of mitochondria in the renal epithelium 
do not necessarily signify a permanent damage. Author’s Summary. 

The Morbid Anatomy of Malignant Disease of the Mediastinal Glands, 
Lungs and Pleurae. S. Roodhouse Gloyne, Tubercle 12:54, 1930. 

Experience in the postmortem room indicates that malignant growths of the 
lungs, pleurae and mediastinal glands are more common now than formerly. 
Furthermore, there is some evidence that a change in type has occurred of late 
years. In postmortem examinations carried out at Victoria Park twenty years ago, 
the growths most commonly encountered ivere those situated in the mediastinal 
glands ; now the type affecting the lungs, with secondary and often slight extension 
to the glands, has come much more into the picture. The histologic picture shows 
wide variation; growths vary from undifferentiated small round cell tumors to 
differentiated columnar mucous-secreting and squamous cell growths, while between 
the two extremes are growths of large polygonal and spheroidal cells, the so-called 
medullary growths. Probably nearly all are true carcinomas. The picture pro- 
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duced by tumors of the mediastinal glands may be summed up as one of com- 
pression, displacement, invasion and perforation of the surrounding vital structures. 
The malignant disease of the bronchi includes single nodular growths and_ diffuse 
bronchial carcinomatosis, while the malignant disease of the lung consists of: 
(1) growths of the lower lobe^ generally occupying the whole lobe and producing 
a completely solid lobe in which the lung tissue is entirely replaced and the bronchi 
are occluded with growth; cavitation may follow; (2) the growths in the upper 
lobe resemble those in the lower lobe but are more liable to form cavities and have 
a predilection for infection of the tracheobronchial glands; (3) growths of the 
whole lung resemble those of the lower lobe, but completely obliterate interlobar 
fissures, fill the bronchi, are less liable to cavity formation, and exert pressure on 
the pulmonary vessels; (4) multiple nodules in the lung, occurring as discrete, 
yellowish nodules in one or more lobes of the lung; the reason for placing these 
in a separate class is that they suggest secondary nodules, but a primary growth is 
difficult to locate, and when small they are liable to be confused with actinomycosis 
of the lung or Ij^mphadenomatous deposits; (5) the sclerotic type. The fifth type 
is described in the literature, but the author has not met a true primary, sclerotic, 
malignant condition of the lung. Primary malignant growths of the pleura are 
rare, and in all forms pleural effusion is common. The commonest concealed 
growths are those of diffuse bronchial carcinomatosis, the condition being obscured 
by bronchiectasis and general sepsis. The association of two totally different morbid 
conditions in one and the same lung is more common than is generally supposed. 
Complications of new growths of the lung are generally due to sepsis, the com- 
monest being bronchiectasis; next in frequency is pulmonary abscess, generally in 
the peripheral part of the lung and usually basal. Gangrene of the lung is less 
common. Direct extension to the heart is an important complication of all 
malignant growths of the lung. No organ is immune from a secondary deposit. 

H. J. CORPER. 

Congenital Obliteration of the Larger Bile Ducts. H. Coburg, Frank- 
furt. Ztschr. f. Path. 40:281, 1930. 

The case of a boy, aged 7 months, who was jaundiced since birth, is reported. 
At autopsy and subsequent histologic examination, it was found that the ductus 
choledochus was obliterated. Tliere was no communication between the stump of 
the duct and the papilla of Vater, which was normal. Parts of the common hepatic 
and cj^stic ducts were obliterated. The right and the left hepatic ducts showed 
marked inflammatory changes. Both were filled with bile. The gallbladder was 
markedly diminished in size, contained no bile and revealed an inflammatory reac- 
tion throughout its wall. The liver was the seat of a typical biliary cirrhosis. The 
author reviews the various theories explaining such a condition ; however, he 

arrives at no definite conclusions. „ „ 

O. Saphir. 


Calcification of the Vasa Deferentia and the Ampullae. W. Schellen- 
berg, Frankfurt. Ztschr. f. Path. 40:298, 1930. 

A case of calcification of the vasa deferentia and the ampullae is described in 
a man, aged 48. The etiology of this condition is obscure. Senile changes, tuber- 
culosis, gonorrhea, etc., could be ruled out as etiologic factors! Repeated roentgen 
examinations of this region, which were done for other reasons, did not disclose the 
calcification. The changes were found incidentally at autonsv ^ ^ 

O. Saphir. 


Lipoid Deposits in the Aortas .of Infants. 
Frankfurt. Ztschr. f. Path. 40:302, 1930. 


N. Kube and A. Ssolowjew, 


The aortas of 114 infants were examined and stained with Sudan III. None of 
the infants Avas older than 6 months. In seventy-two of the cases, lipoid deposits 
were found in the aorta. In one .instance they were found in a stillborn infant. 
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They also were present in an infant 1 day old, and also in two others, and 9 
days old, respectively. The most common locations of the lipoid deposits were as 
follows : the upper margin of the sinus of Valsalva, the region of the commissure 
between the right and the posterior cusp of the aortic valve, a portion just above 
the left part of the sinus of Valsalva, the vicinity of the opening of the ductus 
arteriosus, the region where the large vessels come off from the arch of the aorta, 
the intima surrounding the openings of the intercostal arteries and the posterior 
wall of the aorta. Histologically, a varying amount of lipoid droplets was seen 
along the elastic lamellae. The intima revealed an accumulation of macrophages, 
which in some instances were transformed into xanthoma cells. The belief is 
expressed that the lipoid deposit is a purely infiltrative process, possibly the result 
of an imperfect lipoid metabolism. There was no demonstrable relationship between 
acute or chronic diseases and the presence of the lipoid deposits. With increasing 
age, these deposits not only were found more frequently, but were more severe. 

O. Saphir. 

The Formation of Giant Folds in the Mucosa of the Stomach. H. J. 

Scherer, Frankfurt. Ztschr. f. Path. 40:357, 1930. 

Four cases of formation of giant folds in a circumscribed area of the gastric 
mucosa are described. The folds were located in the posterior wall of the stomach, 
close to the larger curvature. There were no clinical symptoms referable to these 
folds. In one case, the x-ray picture led to the erroneous diagnosis of carcinoma 
of the stomach. Histologic examination revealed a pure hyperplasia of the mucosa. 
Moderate inflammatory changes, however, were encountered in two cases. The 
author believes that the formation of these giant folds was the result of a con- 
genital anomaly, especially because two of the four cases also revealed other 
congenital anomalies. According to the author’s opinion, there are no other similar 
cases on record. The circumscribed giant folds are thought to represent a “vitium 
primae formationis” in the sense of an increased “resonance” oP certain cells to 
growth-producing irritations of various kinds, such as the influence of hormones, 
of nervous irritations, of inflammations and of hyperemia. It could not be deter- 
mined what specific influences had caused the formation of the giant folds of the 
gastric mucosa in these four cases. c.^tiTP 


A Case of a Retrorectal Lipoma. M. A. Koslow, Frankfurt. Ztschr. f. Path. 

40:382, 1930. 

The presence of a retrorectal tumor is reported in a woman, aged 47. The 
tumor extended to both sides of the rectum and measured 3 by 3.5 by 12 cm. It 
had led to a constriction of the lumen of the rectum. Histologically, the tumor 
consisted of fat cells. The clinical diagnosis was rectal fissure and carcinoma 
of the rectum. The author suggests that in every case of stricture of the rectum 
one should think of a retrorectal tumor, especially lipoma. p. iCaptttt? 


Diffuse Myeloma with Amyloid Masses. E. Freund, Frankfurt. Ztschr. f. 

Path. 40:400, 1930. 

The diffuse myeloma is characterized by the absence of circumscribed nodules 
and b}- its somewhat slight osteoclastic effect. Such a tumor is described in a 
woman 72 years of age. The diagnosis was missed grossly, but could easity be 
made microscopically because of the presence of mj'eloma cells. Even though 
there was no generalized am 3 doidosis, amyloid masses in addition to the myeloma 
were found in man}' places, especiall}' in the sternum and vertebrae. These masses 
were recognized grosslv', and the impression was gained that this was a case of 
am 3 'loid accumulations in health}’ bones. Because of their marked calcification, the 
masses could be detected b}’ the x-rays. The am 3 'loid in many places was phago- 
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cytosed by giant cells. Its absence in portions gave the mass a peculiar raylike 
structure. Amyloid growths, contrary to diffuse myelomas, have an osteoclastic 
effect on the bone. The myeloma an'd the amyloid accumulations in this case 
had perforated the cortical portions of bones and the periosteum, and had invaded 
the adjacent cartilage and connective and fat tissue. The invasion of the periosteal 
region of the sixth thoracic vertebra led to a fracture of this vertebra and sub- 
sequent transverse myelitis. q_ s^phir. 

Myxoma of the Heart. A. A. Wassilieff, Frankfurt. Ztschr. f. Path. 40:424, 
1930. 

Two cases of myxoma of the heart are reported. In the first case the heart 
showed in the region of the left auricle a gelatin-like, pinkish, papillomatous mass, 
filling the entire left auricle. For the most part, the mass was attached to the 
auricular wall. The leaflets of the mitral valve were fibrosed. Histologically, 
the mass showed a large amount of mucin, many small vessels and elastic and 
collagenous fibers. The author believes that this mass is a tumor, a myxoma, rather 
than a primary organized thrombus. In the second case the heart revealed a 
nodule somewhat smaller than a walnut, which was attached to the posterior wall 
of the left auricle. The surface of the nodule was smooth. It showed several 
yellow and red areas. The mitral valve was the seat of an acute verrucous 
endocarditis superimposed on a healed endocarditis. Microscopically, the nodule 
showed areas of hyalinization and calcification, many vascular spaces lined by 
endothelial cells and some iron-containing pigment. No mucin or fibrin was 
present. This nodule was diagnosed as an organized thrombus. 

O. Saphir. 


Pathologic Chemistry and Physics 

Lactic Acid in the Blood in Children. Jerome S. Leopold and Adolph 
Bernhard, Am. J. Dis. Child. 41:758, 1931. 

The concentration of lactic acid in the blood of twenty-three normal children 
varied between 9 and 18 mg. per hundred cubic centimeters of blood, the average 
being 14.8 mg. There was an increase of lactic acid in the blood obtained by 
application of a tourniquet. In forty-two children ill with various diseases (whose 
blood was obtained with and without tourniquets) the increase in lactic acid was 
from 0.2 to 6.8 mg., the average being 3.1 mg. In the blood of the normal 
children the average variation was 2.1 mg. A definite rise in the lactic acid content 
of the blood was found in cases of pneumonia with fever. In the convalescent cases 
without fever the values were considerably lower, but not within the normal range. 
In cases of rheumatic fever with cardiac involvement there was found an increase 
of lactic acid. Patients ill with chorea also showed an increased concentration of 
lactic acid in the blood. There was no relationship between the concentration of 
lactic acid in the blood and the blood sugar. There seems to be no quantitative 
relation between the concentration of lactic acid and tho carbon dioxide-combining 

power of the blood. . , „ 

• Authors’ Summaryl 

Cholesterol AND Edema. Joseph K. Calvin and A. H. Goldberg Am T Dis 
Child. 41:1066, 1931. 

The conclusions that may be drawn from a review of the literature and our 
experimental observations are : The blood cholesterol level in the nephrotic syn- 
drome is practically always considerably elevated above normal, and probably 
does not return to normal for years, even though edema may be absent for long 
periods. Although the cholesterol remains above normal even during edema-free 
periods, it has a tendency to rise and fall with the increase. and decrease of edema. 
Exceptions to this are not uncommon, however, and edema may appear and dis- 
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appear irrespective of the height of the cholesterol. The appearance or 
disappearance of the edema, which is usually relatively rapid when it begins, 
precedes the changes in the cholesterol. The cholesterol possibly may be mobilized 
from and at the expense of the deposits of fat in the body, for the patients are 
usually greatly emaciated, which becomes apparent as the edema disappears, even 
though the blood cholesterol remains relatively high and the intake of food is 
ample. The cholesterol in the nephrotic syndrome has difficulty in passing from 
the blood to the tissues, as the ascitic fluid has a very low cholesterol content. The 
blood cholesterol in the nephrotic syndrome can readily pass through the kidneys 
into the urine, although the hypercholesteremia antedates by a considerable period 
the lipoiduria (Murphy). The diet has no influence on hypercholesteremia. The 
output of cholesterol in the bile is diminished in the nephrotic syndrome, so that 
apparently a real retention in the blood exists (Herrnstadt). A symptomless but 
definite hypoglycemia exists in nephrotic children (Knauer). It seems probable, 
then, that hypercholesteremia is the result of a disturbance of fat metabolism 
accompanying the nephrotic syndrome and not the cause or the result of edema. A 
further study of the relation of cholesterol to blood proteins is in progress. 

Authors’ Summary. 


Plasma Protein, Red-Cell Sedimentation and Serum L/\bility of the 
Blood in Tuberculosis. L. R. Jones, Am. Rev. Tuberc. 23:325, 1931. 

In twenty patients with pulmonar}' tuberculosis, as compared with twenty 
normal subjects, the plasma protein was found within normal limits. Fibrin was 
increased in nineteen, and in seven of these globulin was increased. Albumin was 
within normal limits in thirteen and decreased in seven. In the tuberculous group 
the average value of the protein quotient was 1.47, and in the normal group, 2.39. Of 
the tuberculous group, eleven exhibited a protein quotient within normal limits. A 
quantitative shift of the plasma proteins in the tuberculous patients did not bear 
any relationship to the type and extent of the involvement. A marked increase 
in sedimentation of the blood was noted in nineteen of the tuberculous patients, but 
the amount of the increase bore no relation to the extent or to the advancement 
of the disease. Increased precipitability of serum protein could not be correlated 
with the clinical diagnosis. Serum precipitability, though markedly increased in 
all of the cases of tuberculosis, was not correlated with the ratio of albumin to 


globulin in the plasma. 


H. J. CORPER. 


The Value of Determi^’ations of the Iron Content of Whole Blood. 

W. P. Murphy, R. Lynch and I. M. Howard, Arch. Int. Med. 47:883, 1931. 

Determinations of the iron content of the whole blood were made on the blood 
of a group of persons having essentially normal hemoglobin levels and red blood 
cell counts, and the figures are herein recorded. The average iron content of the 
blood in normal young men is 44.84 mg. per hundred cubic centimeters of blood, 
in normal young women, 42.48 mg., and in a group of sixty persons of both sexes 
and of varying age with essentiallj^ normal blood, 42.74 mg. It is suggested that 
a figure to be known as the “iron index” be calculated by dividing the figure for 
whole blood iron by the red blood cell count in millions of cells per cubic milli- 
meter. This figure normally varies between 8 and 9, the average in this series 
being 8.46. In pernicious anemia, during relapse, the iron index was always 
found to be above 10, with a tendency to approach normal during a satisfactory 
remission following treatment with liver. Except in certain unusual circumstances, 
the iron index was found to be normal or lower than normal in chronic secondary 
anemia. Only in patients with anemia resulting from acute loss of blood and in 
certain of the patients with leukemia was the iron index above normal and in the 
range generally found in pernicious anemia. It is suggested from the preceding 
observations that the iron index is of definite value in distinguishing between per- 
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nicious anemia and secondary anemia in most instances, and that the constancy of 
the figure for whole blood iron in persons with normal blood suggests this as a 
satisfactory means of following the changes that may occur in the blood during 
treatment for anemia. Authors’ Summary. 

The Lactic Acid in the Blood of the Newborn. N. J. Eastman and C. M. 

McLane, Bull. Johns Hopkins Hosp. 48:261, 1931. 

The lactic acid content of the blood of the fetus in utero is within normal 
limits. The lactic acid content of the blood of the infant at birth is regularly 
elevated, tlie amounts in the present series ranging from 28 to 45 mg. per hundred 
cubic centimeters, with an average of 35 mg. In the normal infant this increased 
lactic acid content of tlie blood at birth is due to simple diffusion from the mother, 
the lactic acid of whose blood at the moment of delivery is increased as the result 
of the muscular activity incident to labor. In the asphyxiated infant a very definite 
endogenous production of lactic acid occurs, the lactic acid of the blood rising above 
that in tlie maternal blood to reach a concentration as high as 90 mg. per hundred 
cubic centimeters. The high concentration of lactic acid of the blood exhibited by 
asphyxiated infants makes it seem probable that asphyxia neonatorum is associated 
with considerable acidosis ; J)ut in the present state of knowledge one hesitates to 
draw conclusions as to how important a factor it may be. 

Authors’ Summary. 

t 

Lead in Feces and Urine. F. Fretwurst and A. Hertz, Arch. f. Hj'g. 

104:315, 1930. 

The average normal excretion of lead is 0.5 mg. per kilogram of feces and 
0.03 mg. per liter of urine. The amounts excreted by lead workers with no 
symptoms of poisoning may be only slightly higher. Persons with definite symp- 
toms of lead poisoning may excrete as much as 2 mg. per kilogram of feces and 
0.07 mg. per liter of urine. Locke. 

Lhe Catalase Action and Glutathione Content of Erythrocytes in 

Anemias. Emerich Bach and Ernst Bach, Biochem. Ztschr. 236:174, 1931. 

The cold reduction of blood is mainly due to glutathione. In true pernicious 
anemia, the relative catalase and glutathione contents of the erythrocyte are 
increased. In secondary anemias with preceding cachexia, the catalase and gluta- 
thione contents of the erythrocj^te are not increased. In acute losses of blood, the 
relative glutathione content is increased, while the relative catalase content does 
not change. The value catalase-erythrocytes is independent of macrocytosis and 
hyperchromatism. The same conditions that cause an increased respiration of the 
erythrocyte produce also an increase in its catalase and glutathione content. This 
is interpreted as evidence that catalase is involved in cellular respiration. 

Wilhelm C. Hueper. 

Phosphatides and Amines of the Blood in Diseases of the Kidney and 

Their Relations to Hypertension. K. Hoesch, Klin. Wchnschr. 10: 

881, 1931. 

With the marked hypertension in malignant sclerosis, fixed hypertonicity and 
chronic nephritis, the amino-nitrogen is increased. The amino-nitrogen is contained 
to some extent in an ether-soluble uramino acid and base, which are not related to 
the phosphatides, and which occur in a free state. The increase in cephalin in 
malignant sclerosis may be due to decomposition processes (lecithin cephalin). 
There is no disturbance in the phosphatide content. « 

Author’s Summary. 
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A Method for the Determination of Fibrin, Globulin and Albumin 
IN Blood Plasma. Hugo Theorell and Gosta Widstrom, Ztschr. f. d. 
ges. exper. Med. 75:692, 1931. 

The method described permits reliable determinations to be made on as little 
as 1 cc. of plasma. The method employs nitrogen determinations with hypo- 
bromite, after recalcification from citrated plasma in the case of fibrin, and after 
salting out with magnesium sulphate in the case of globulin and albumin. 

Pearl Zeek. 


Microbiology and Parasitology 

Pernicious Malaria. Ettore Marchiafava, Am. J. Hyg. 13:1, 1931, 

Evidence is presented for the existence of three different types of malaria and 
for their endoglobular position in the red blood corpuscle. Pernicious malaria 
occurs solely as a result of infection with Plasmodium falciparum, never in winter 
or early spring and onlj-- as recent infections or early relapses. The proliferation 
of endothelial cells in the blood stream has its diagnostic importance, as well as 
being a measure of bodily defense. True tertian fever occurs in these cases, unless 
the picture is altered by a mixed or multiple infection or by atypicality in the 
time of the occurrence of sporulation. The sporulation in this type of malaria 
occurs in the visceral circulation, and the gametocytes appear in the peripheral 
circulation usually several days after the onset of the fever. The greater patho- 
genicity of P. falciparum is explained by its shorter period of incuba'tion, more 
frequent multiplication, greater number of spores, greater toxicity and its resistance 
to quinine. The clinical and pathologic features of pernicious malaria are pre- 
sented, as well as the rational therapeutic measures. p jj Guinand 


Bacilli of the Genus Hemophilus ivith Regard to the X and V Growth 
Factors. Lucile R. Anderson, Am. J. Hyg. 13:164, 1931. 

Bacillus influenzae, hemolytic and nonhemolytic, requires both the X factor and 
the V factor under aerobic conditions. The four types of hemophilic bacilli studied 
do not require the X factor for growth under anaerobic conditions, but require 
the V factor. From their cultural reactions it would appear that the bacilli of 
influenza carry on a normal existence in mediums containing only the V factor 
under anaerobic conditions. Not one of thirteen anaerobes tested reacted positively 
tO' the benzidine test for peroxidase ; of fortj'-four aerobes tested, all but four, two 
of which were streptococci, gave a positive reaction. Bacillus influenzae, hemolytic 
and nonhemolytic, and Hemophilus canis do not produce peroxidase. Bacillus 
para-influenzae produces peroxidase under both aerobic and anerobic conditions. 
Banana reacts positively to the benzidine test for peroxidase. All evidence appears 
to substantiate Fildes’ view that the X factor is associated and identical rvith 
peroxidase. Evidence is submitted supporting the idea of Davis that there is 
interaction of the X and V factors. 

Note; The X and V factors are both present in hemoglobin. The X factor 
is heat stable and is closely associated with the iron-containing pigment. The V 
factor is heat labile, and its nature is not well understood. 

Author’s Summary. 

The Cultivation of Balantidium Coli. Eugene Schumaker, Am. J. Hyg. 
13:281, 1931. 

Balantidium coli is facultatively anaerobic. It multiplied as rapidly under 
strictly anaerobic conditions as under aerobic conditions, but a condition of strict 
anaerobiasis was not more favorable to growth than an aerobic condition. The 
growth of Balantidium is not inhibited by an oxygen pressure of 18 pounds (8.2 Kg.) 
per square inch when this pressure is maintained for thirty-two hours. Tropho- 
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zoites of Balantidium from an experimentally infected rat were not killed by an 
oxj'gen pressure of at least 30 pounds (13.6 Kg.) per square inch maintained 
over a period of seventy-two hours. Inulin may serve, to a slight extent, as a 
nutrient carbohydrate for Balantidium in cultures. Potato, wheat, corn, buckwheat 
and rice starches served equally well for the cultivation of Balantidium. Arrow- 
root starch was also used successfully in cultures. The parasite multiplied at 
temperatures from 23 to 41 C.; its optimum seemed to be from 37 to 39 C. 
Multiplication of the organisms was not markedly inhibited at 41 C., but was 
greatly reduced at and below 34 C. Balantidium was cultivated successfully for 
thirty-eight days on a modified medium in which only 3 per cent of horse serum 

was used. Author’s Summary. 

The Relation of Temperature and Humidity to the Course of a B. 
Enteritidis Infection in White Mice. I. J. Kligler and L. Olitzki, 
/\m. J. Hyg. 13:349, 1931. 

White mice from the same stock and of the same age infected with the same 
number of organisms of the species Bacterium enteritidis and kept at different 
temperatures and humidities react differently to the infecting microbes : At a low 
temperature (from 10 to 12 C.) and a high relative humidity (90) the infection 
is more severe than at higher temperatures (20 and 30 C.) and the same humidity. 
The mortality is tlie same, but the incidence of abscesses of the liver is higher. 
At 30 C., the mice kept at a relative humidity of 90 are more severely affected 
than those kept at a relative humidity of 35. At a humidity of 35 and a tempera- 
ture of 30 C., the development of the infection is more rapid, but it is mild or 
unapparent, clears up rapidly and leads to relatively few deaths in comparison with 
infection at a relatively high humidity. At 20 C., a higher humidity seems more 
favorable than a lower one, but the differences are not marked. It appears that 
the critical factor is not temperature alone nor humidity alone, but the combination 
of the two — probably constituting the so-called “effective temperature.” 

Authors’ Summary. 

Location of Dengue Virus in the Body of Mosquitoes. R. L. Holt and 
J. H. Kintner, Am. J. Trop. Med. 11:103, 1931. 

Dengue in mosquitoes of the genus Aedes does not involve any particular part 
of the insect, but is septicemic. It is believed that the so-called period of “matura- 
tion of the virus” of from eleven to fourteen days before the mosquito becomes 
infective to man is merely the time required for the virus to become of such 
concentration in the insect as to allow the injection of an infective dose into man. 
, It is believed that this, with the fact that the virus may be transferred from 
infected to normal mosquitoes for at least three serial transfers, in a form undimin- 
ished in its ability to infect man, by feeding normal mosquitoes on a suspension 
of infected mosquitoes ground up in normal blood, mitigates strongly against the 
theory held by certain investigators that a cyclic phase in the life of the virus 
is accomplished in Aedes. It seems that this mosquito is merely a means of trans- 
mission from man to man and is not necessary to the continued existence of the 
virus. , , ^ 

■ Authors Summary. 

Attempts to Produce Bronchomoniliasis in Monkeys. Hobart A. 

Reimann and Timothy J. Kurotchkin, Am. J. Trop. Med. 11:151, 1931* 

Intratracheal, intravenous and direct inoculation of Monilia tropicalis, isolated 
from a fatal case of bronchomoniliasis, into the lungs of monkeys failed to' induce 
pulmonary infection. Two normal animals were inoculated intratracheally in 
attempts to induce a primary infection, without success. In the other monkeys 
efforts were made to reduce the resistance of the lungs by injection of inert 
foreign bodies, by actual laceration of the pulmonary tissues and bv intravenous 
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injection of chaulmoogra oil, in the hope that Monilia would grow as a secondary 
invader in the damaged tissues. Several suggestions to explain the failure to 
produce lesions may be mentioned: 1. Monkej's may be resistant to infection with 
Monilia, or the strain used may have been avirulent for these animals. 2. The 
lung may not have been damaged severely enough to permit the organisms to 
gain a foothold. 3. The monilias may not have reached the damaged tissue. 4. 
There was no obstruction in the bronchi to prevent the evacuation of the inoculum. 
5. The monilias inoculated were from young cultures, i. e., they were in the yeast- 
like stage of their life cycle. It has been suggested that in the mycelial, or older, 
stage the organisms are more resistant and invasive. In another communication, 
the formation of tubercle-like nodules in the traumatized lungs of rabbits following 
the inoculation of old cultures of Monilia tropicalis is reported. 

Authors’ SuMAtARV. 

The Intratracheal Inoculation of Monkeys with Pneumococci. G. W. 

Stuffy, I. S, Falk and M. A. Jacobson, J. Prev. Med. 5:81, 1931. 

Intratracheal inoculation of monkeys of the species Macacus rhesus and Cebus 
capucinus with varying amounts of virulent pneumococci of type I did not result 
in lobar pneumonia, although in most cases it brought about an increase in tempera- 
ture and leukocytic reactions, with pneumococcal septicemia. Recovery usually 
occurred within a week after inoculation. Only two of thirteen monkeys died 
of the pneumococcal infection. The lungs were found to be normal, except for 
an increase in the number of polymorphonuclear leukocytes in the interstitial tissue, 
blood vessels and bronchi. Intratracheal inoculation of the monkeys with cultures 
of low virulence, followed by cultures of progressively increasing virulence, gave 
rise to a slight increase in temperature and in the number of leukocytes, but no 
septicemia. The absence of septicemia indicated tliat some immunity had been 
produced by the previous inoculations of pneumococci of lower virulence. On 
the whole, Macacus rhesus and Cebus capucinus appeared to be highly resistant 
to pneumococcal infection. Authors’ Summary. 


Intrabronchial Insufflation of Pneumococci in Rabbits. G. W. Stuffy 
and I. S. Falk, J. Prev. Med. 5:89, 1931. 

In rabbits intrabronchial insufflation of pneumococci of uniformly high virulence 
gave rise to a bronchopneumonia that usually caused death in from two to five 
days, with septicemia and a generalized distribution of pneumococci in the lungs. 
In some animals there was acute inflammation of the interstitial tissue of the lung 
and perivascular and peribronchial lymphangitis. Suppurative bronchitis and 
pleuritis were only occasionally seen. The factor of resistance to pneumococcal 
infection among individual rabbits is of importance in determining the type of 
lesions produced by the introduction of pneumococci into the lung. Attempts to 
lower resistance by chilling were not successful, as the chilling did not appreciably 
increase the rabbits’ susceptibility to pneumococci, but did apparently predispose 
them to spontaneous infections, which in the control rabbits (chilled, but not 
inoculated) were frequently fatal. The lesions induced in the lungs of the rabbits 
by insufflation of pneumococci of types I, II and III, and of the same degree of 
virulence (as measured in white mice), were on the whole similar. The virulence 
of tlie pneumococcus employed, rather than its serologic type, would appear to be 
the important factor in the production of infection. Authors’ Summary 


Experimental Poliomyelitis. P. H. Harmon, H. J. Shaughnessy and F. B. 
Gordon, J. Prev. Med. 5:115 and 139, 1931. 

Prior to the onset of experimental poliomyelitis in rhesus monkeys following 
intracerebral inoculation of virus, changes occur in the body temperature, in the 
numbers of polymorphonuclear neutrophilic leukocytes in the blood and in the 
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cell and globulin contents of the cerebrospinal fluid. These changes are analogous 
to those that occur in poliomyelitis in man. The first constant alteration detectable 
in the preparalytic stage of the experimental disease is the change in the body 
temperature. In many, but not all, monkeys the preparalytic increase in the 
numbers of neutrophilic leukocytes is coincident with the rise in the body tempera- 
ture; in a few cases the change in the leukocyte count occurs a day or two after 
the rise in the temperature. Changes in the spinal fluid occur definitely one or 
two days after the changes in the temperature, except in a few animals in which 
the two changes are observed simultaneously. Alterations in the velocity of the 
sedimentation of the erythrocjdes occurred only after the onset of paralysis, usuall}' 
after the monkey was prostrate from an extension of the disease. 

Our criterion for abortive poliomyelitis in monkeys is absence of paralysis, but 
presence of symptoms and of changes in the spinal fluid or of symptoms and of an 
increase in the body temperature and in the numbers of neutrophilic leukocytes, the 
symptoms, the changes in the spinal fluid and the increase in the temperature and in 
the numbers of leukocytes occurring after a period of incubation and resembling 
those observed in the preparalytic stage of the ordinary form of the disease. 
Following 555 intracerebral inoculations in 350 monkeys, only 10 cases of abortive 
poliomyelitis occurred. We found 7 instances of “missed infection,” in which a 
certain dilution of a virus caused no para^'sis in a monkej', although a monkey 
receiving a higher dilution became paralyzed. Some of these may have been cases 
of abortive poliomyelitis, although they did not conform to our criterion. Two 
cases in which paralysis occurred thirty-three and fifty-one days, respectively, 
after inoculation were probably cases of relapsing poliomyelitis. Abortive and 
relapsing poliomyelitis and “missed infections” seem to be the result of differences 
in susceptibility in individual monkeys, rather than of mild infection with an 


attenuated virus. 


Authors’ Summaries. 


Effects on Guinea-Pigs 'of Filtrates of Tuberculous Sputum. A. 
Larson, J. Prev. Med. 5:161, 1931. 


Filtrates of sputum from tuberculous patients, containing nurrierous tubercle 
bacilli, were inoculated subcutaneously into forty-three guinea-pigs, ten receivinj 
a Seitz filtrate, twenty-two a Berkefeld filtrate and eleven a filtrate passed through 
both Seitz and Berkefeld filters. None of these animals showed the cachexia which 
is said to be characteristic of the more usual form of infection from filtrates. 
Neither was there any enlargement of the inguinal lymph glands at the point of 
inoculation. At autopsy no lesions suggestive of tuberculosis were found. Smears 
made from the tracheobronchial and retroperitoneal lumbar lymph glands showed 
no acidfast rods or granules. Control guinea-pigs inoculated with small doses of 


unfiltered sputum from each patient died with generalized tuberculosis. In these 
results there is no evidence that tuberculous infection is caused by Seitz or 
Berkefeld filtrates of sputum. When considered in connection with the numerous 
-negative results of others, these results make it probable that the positive signs of 
infection that have been reported were due to some other factor than a filtrable 


virus. The silver plating of the cup of the Seitz filter exerts no appreciable 
oligodynamic action on suspensions of tubercle bacilli allowed to remain within 

it for eighteen hours. . , „ 

.Author’s Summary. 


Lethargic Encephalitis: The Glasgow Epidemic of 1923. Ashie Main 
J. Hyg. 31:162, 1931. 

The main features of the Glasgow epidemic of encephalitis of 1923 are portrayed 
in this review. The review is in no .sense an intimate neurologic study. The 
author was sought, rather, to furnish a general impression of the clinical phenomena 
as they first presented themselves, and to follow the picture as it unfolded itself 
in the succeeding phases one year and five years later. In this way there have 
been thrown into relief the characteristics that distinguish epidemic encephalitis 
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from poliomyelitis and the encephalitis of influenza. A critical summary of the 
sequelae reveals and illustrates the hypothesis that they are to be explained, not 
on the assumption of a progressive lesion of the nervous system, such as dementia 
paralytica, but on the assumption of an initial and permanent damage to the 
complicated neural mechanism of the midbrain, hypothalamus and basal nuclei. 
The consequent instability of the mechanism renders it prone to give expression 
to various forms of disability, depending on ill-defined proclivities, one of which 
is associated with the age of the patient at the time of the initial attack. How- 
ever inscrutable its origifl and however incalculable its course or obscure the 
conglomeration of its individual manifestations, there is no difficulty in recognizing 
the scar it leaves on the health of the community. 

From the Author’s Summary. 

Immunology 

The Neutralization or Destruction of Diphtheria Toxin by Tissue. 

A. Wadsworth and E. N. Hoppe, J. Exper. Afed. 53:821, 1931. 

As determined by the intracutaneous test in guinea-pigs, diphtheria toxin is 
not altered in the presence of cardiac tissue obtained from the fetal or from the 
adult heart of the guinea-pig. Tissue cultures were apparently uninjured by the 
presence of the toxin in the dilutions used in these experiments, and, when washed 
with embr 3 m extract after removal of the diluted toxin, continued to grow. 
Embryonic guinea-pig cardiac muscle tissue growing in cultures in vitro possesses 
the power of neutralizing, binding or destroying diphtheria toxin so that it is 
no longer toxic for normal guinea-pigs. Such neutralization takes place through 
the intervention of growing tissue and is a property that is lacking in similar 
surviving tissue not in a state of cultivation. Thus, it appears that the living, 
growing cells of the tissues neutralize or destroy limited quantities of toxins; 
only when tlie quantity of toxin exceeds a certain limit is its action injurious. 

Authors’ Summary. 

Active Immunization Against Poliomyelitis in AIonkeys. M. Brodie and 

A. Goldbloom, J. Exper. Med. 53:885, 1931. 

A combination of poliomyelitis virus and specific human serum is effective for 
the production of active immunity. For each gram of active virus given intra- 
dermally as an emulsion, 6 cc. of human immune serum, injected subcutaneously, 
was required in our experiments to protect a monkey from paralysis. Some degree 
of active immunity was induced. Immunity, without symptoms of the disease, was 
secured when the serum was given at the time of inoculation, or within three days 
preceding or following inoculation of the virus. For the production of immunity, 
virus, preceded by serum administration, is probably less effective than when it 
is given simultaneously with, or before, the injection of serum. The virus neutrali- 
zation test is more - sensitive than the direct intracerebral test for determining 

the production of immunitjL . , 

Authors Summary. 

Local Skin Reactivity to Bacterial Filtrates : ' Passive Immunity. 

G. Shwartzman, j. Exper. Med. 54:1, 1931. 

It has proved possible to elicit passive immunity to B. typhosus reacting factors 
by means of normal and immune homologous neutralizing antibodies. The in vivo 
serum protection against these factors followed the law of multiple proportions. 
There was observed a considerable loss of antibodies from the blood stream. 
Passive immunity was best obtained when the immune serum was injected intra- 
venously half an hour before the intravenous injection of the reacting factors. It 
was possible to prevent the occurrence of the local skin reaction by an intravenous 
injection of serum after the intravenous injection of the reacting factors, provided 
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that the serum dose was very large and that the serum injection was made imme- 
diately, after the filtrate injection. A number of experiments clearly demonstrated 
the interesting fact that the greater the amount of antiserum injected intravenously, 
the more efficient was the in vivo neutralization, in a ratio distinctly greater 
than the quantitative increase of serum. It is suggested that there may be a 
practical value of the observation in relation to serum therapy. 

Author’s Summary. 

Intracutaneous Pneumococcus Injection. J. Freund, J. Exper. Med. 54:171, 

1931. 

Young and adult rabbits react differentlj’^ to intracutaneous injection of virulent 
pneumococci. In adult rabbits a verj^ extensive inflammation develops at the site 
of infection, and bacteremia and death occur only in a relatively few rabbits. Young 
rabbits fail to develop extensive inflammation and die with bacteremia. It is 
probable that the fate of the animals is influenced by the capacity to develop 
inflammation at the site of injection of pneumococci. Author’s Summary 

Local Organ Hypersensitiveness (Rabbit’s Eye). D. and B. C. Seegal, 

J. Exper. Med. 54:249 and 265, 1931. 

Rabbit ej^es sensitized with guinea-pig red blood cells or fresh egg white 
respond with an inflammatorj’’ reaction following the intravenous injection of the 
homologous, but not the heterologous, antigen. A multiple antigen containing 
minute amounts of separate antigens is sufficient to cause this sensitiveness. The 
reaction has been obtained as long as eight months after sensitization. Repeated 
daily injections of a single antigen produces no reaction after the first few days, 
while the injection of various antigens on succeeding days produces inflammation. 
Permanent desensitization does not occur after eight months unless large doses of 
antigen are used. The reaction is not due to an initial tissue injurj% In the 
actively sensitized rabbit a sterile inflammation may develop after the introduc- 
tion of the homologous antigen into the gastro-intestinal tract. 

Edna Delves. 

Copper and Iron in Immunity. A. Locke and E. R. Main, J. Infect. Dis. 48: 

419, 1931. 

Neurotoxins appear to be dispersions of bacterial protoplasm containing frag- 
ments of a positively charged respiratory substance having copper as the pre- 
dominant catalyst. They resemble respiratory enzymes of the oxydase type and the 
proteases of the pu. 8 erepsin type in being inactivated by sodium cyanide and 
cysteine. The hemotoxins appear to contain fragments of negatively charged 
respiratory substance having the ferrous iron as the predominant catalyst. They 
resemble the respiratory enzymes of the dehydrogenase type and the proteases of the 
pn 4 papain type, which are not inactivated by sodium cyanide or cj^steine, but are 
inactivated by the cupric ion. Authors’ Summary. 

Local Skin Reactivity (Shwartzman’s Reaction) to Pneumococcus 

“Filtrates.” E. J. Cope and K. M. Howell, J. Infect. Dis. 48:570, 1931. 

Filtrates of pneumococci which were not disintegrated gave no Shwartzman 
skin reactions, while solutions of pneumococci dissolved in bile produced such 
reactions. No skin reactions were obtained \vith egg white, dilute bile, ascites 
broth, spinal fluid and horse serum. Human serum and a mixture of bile, ascites 
broth and salt rarely produced a reaction. Group specificity of pneumococci was 
demonstrated in all but one case. The phenomenon of local skin reactivity appears 
more valuable than agglutination in determining pneumococcal types. Whether 
each type and strain of pneumococcus has a specific toxic substance, has to be 
determined. 

Edna Delves. 
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Simultaneous AIultiple Immunization. L. Hektoen and A. K. Boor, J. 
Infect. Dis. 48:588, 1931. 

The rabbit is capable of producing many specific precipitins in response to the 
simultaneous introduction of many single antigens. Authors’ Summary. 

Specificness of Hemoglobin Precipitins. L. Hektoen and A. K. Boor, 
J. Infect. Dis. 49:29, 1931. 

At times antihemoglobin precipitin serum, obtained in response to a pure, single 
antigen, may react with other hemoglobins than the one that served as the antigen. 
Such extraspecific action may be overcome by diluting the serum. It appears that 
hemoglobin may cause responses of wider relationship than those of species. 

Authors’ Summary. 

Experiments Bearing on Acute Rheumatic Fever. B. J. Clawson, J. Infect. 
Dis. 49:90, 1931. 

Rabbits made hypersensitive to streptococci can be desensitized by intravenous 
administration of a streptococcic vaccine. Injections with doses of streptococci 
that produce marked lesions in hypersensitive animals have little or no effect on 
vaccinated hypersensitive animals. This protective phenomenon is not strictly type 
specific, but seems probably species specific. It does not seem to be in the category 
of a reaction to nonspecific protein. Protection is uniformly associated with a 
high titer of agglutination, while hypersensitiveness is not. The use of intravenous 
vaccine treatment in acute rheumatic fever is suggested. Author’s Summary 


Quantitative Aspects of Immunity Reactions. J. Marrack and F. C. Smith, 
Brit. J. Exper. Path. 12:30 and 182, 1931. 


The compound of horse-serum pseudoglobulin and its antibody is slightly 
soluble in 0.9 per cent NaCl solution. The amount of precipitate obtained from 
mixtures of antigen and antibody in optimum proportions is not affected by 
moderate variations in the concentration of electrolytes. When antigen is in excess 
and the volume large, the amount is greatly increased by the addition of 
0.1 NBaCh. This we consider to be due to the neutralization of the negative 
charge of an insoluble suspension. The amount of precipitate is unaffected by the 
addition of nonspecific proteins. The precipitate is composed of protein; no sub- 
stances soluble in fat solvents were detected. 

The ratio of antigen to total protein in the precipitate formed in a precipitin 
reaction increases when increasing amounts of antigen are added to a given amount 
of antibody. The union of the antigen-antibody compound with more antigen or 
antibody, when either is added in excess, is not due to nonspecific adsorption. The 
total amount of precipitate from a given amount of serum and the ratio of antigen 
to total protein are higher with strong serums than with weak serums. The amount 


of precipitate and rate of flocculation may be increased by the addition of non- 
specific proteins, but the ratio of antigen to total protein in the precipitate is little 
altered. It is inferred that nonspecific proteins may increase the rapidity and 
completeness of flocculation of the antigen-antibody compound, but are very little 


adsorbed. 


• Authors’ Summaries. 


Immunological Differences Between Strains of Poliomyelitic Virus. 

F. AL Burnet and Jean MacNamara, Brit. J. Exper. Path. 12:57, 1931. 

A poliomyelitic virus derived from a child dying in Melbourne has shown dis- 
tinct immunologic differences from the Rockefeller Institute “mixed virus’’ strain 
both in cross-immunity experiments and by neutralization tests in vitro. Three 
instances are described of monkej’s that contracted a typical fatal infection after 
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injection of the heterologous virus, despite the fact that some weeks previously they 
had suffered a typical attack of experimental poliomyelitis. 

Authors’ Summary. 

A Specific Precipitating Polysaccharide from B. Dysenteriae (Shiga). 

W. T. J. Morgan, Brit. J. Exper. Path. 12:62, 1931. 

A method is described for the isolation of a polysaccharide from the smooth 
variant of B. dysenteriae (Shiga). The substance obtained by this method gives 
specific precipitation with the homologous immune serum up to a dilution of 1 in 
6,000,000. The intravenous inoculation of this polysaccharide into a rabbit did 
not give rise to the production of demonstrable antibodies. 

Author’s Summary. 

Agglutinins of Tick-Bite Fever and Sporadic Typhus in Southern 

Africa. Adrianus Pijper and Helen Dau, Brit. J. Exper. Path. 12:123, 

1931. 

The typhus-like disease in Southern Africa, which we propose to call tick-bite 
fever, produces agglutinins for B. proteus, O'X 19, OX 2 and X Kingsbury. Typhus 
in South Africa produces agglutinins for OX 19 and OX 2, but not for X Kings- 
bury. Guinea-pigs infected with either tick-bite fever or typhus develop agglutinins 
for X Kingsbur}', but not for OX 19 nor for OX 2. All these agglutinins appear 
to become more active if one lets the serums stand for some days. This phenomenon 
of “temporary inhibition’’ may explain certain discrepancies observed in agglutina- 
tion reactions with X-strains. In tick-bite fever agglutinins appear late in the 

Authors’ Summary. 

Observations on Salmonella Agglutination and Related Phenomena. 

P. B. White, J. Path. & Bact. 34:325. 1931. 

Saline extracts of heated Salmonella bacilli and the carbohydrate haptenes set 
free from these organisms by antiformin have the same powers of fixing somatic 
agglutinins as have the bacillary bodies from which they are derived. On the 
other hand, carbohydrate haptenes prepared by the author’s acetic acid method 
lack appreciable ability to bind the agglutinins of much diluted antiserum. 

Author’s Summary. 

Autohaemagglutination. W. BoxweLl and J. W. Bigger, J. Path. & Bact. 

34:407, 1931. 

A case of autohemagglutination which occurred in a woman, aged 65, who 
suffered from anemia and an atypical leukemia, is described. Her serum • 
agglutinated her own cells and the cells of the four blood groups rapidly and 
markedly at air temperature but not at body temperature. The literature is 
reviewed, and it is concluded that up to the present only 22 authentic cases of 
the condition have been described. A new definition of autohemagglutination is 
suggested as follows Autohemagglutination is a clumping of erythrocytes into 
irregular masses, visible to the naked eye, occurring in the presence of the indi- 
vidual’s own serum, without bacterial action, at air temperature and reversible at 
body temperature. ^ Authors’ Summary. 

Serological Classification of Monilias. K. Stone and L P Garrod 

J. Path. & Bact. 34:429, 1931. 

The complement-fixation and precipitin reactions have been applied to the studv 
of monilias. All monilias cultivated from cases of thrush were found identical 
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when examined b}' these methods. Of 14 strains of Monilia found in various types 
of pathologic material and examined by both these methods, 12 were found to be 
identical with the Monilia of thrush. The application of the same tests to 10 
named types of Monilia (Castellani) indicates that 6 of these are identical with 


the Monilia of thrush. 


Authors’ Summary. 


Action of Congo Red on Streptococcal and B. Welchii Hemolysin. J . 

Gordon, J. Path. & Bact. 34:439, 1931. 

Certain concentrations of solutions of Congo red neutralize the hemolysins of 
Streptococcus hemolyticus and B. welchii. These neutralizations are reversible; 
in the case of the streptococcus the addition of cuprammonium artificial silk adsorbs 
the Congo red and liberates the hemob^sin. This method cannot be used with 
B. welchii, as the hemolysin is destroyed by artificial silk. Reversibility with both 
the hemolysins of S. hemolyticus and B. welchii can be shown by the adsorption 
of Congo red on ox serum. Reversibility is best effected where the concentration 
of Congo red is just sufficient to neutralize the hemolysin. Congo red does not 
neutralize the hemolytic activities of solutions of saponin, sodium taurocholate or 
sodium ricinoleate. Author’s Summary. 


Staphylococcus Toxin Anatoxin and Antitoxin. F. M. Burnet, J. Path. 
& Bact. 34:471, 1931. 

Staphylococcus toxin is rapidly detoxicated by formaldehyde at 37 C. The 
atoxic preparation (anatoxin) is an effective immunizing agent and is capable of 
binding antitoxin in vitro. The binding power of a freshly detoxicated preparation 
is, within the limits of experimental error, accurately half that of the toxin of 
origin. By the use of anatoxin it can be shown that the toxin-antitoxin and 
anatoxin-antitoxin reactions are almost completely irreversible within a minute or 
two of mixing. From the partition of antitoxin between toxin and anatoxin it is 
deduced that both reactions are of the same molecular order. The toxin-antitoxin 
neutralization curve for staphylotoxin is described. A discussion of the toxin- 
antitoxin reaction in general leads to the conclusion that the reaction is primarily 
a true stoicheiometric union modified by adsorption of the constituent on to 
aggregates of toxin-antitoxin molecules. Author’s Summary. 


New Serological Type of Salmonella. • P. H. Leslie and A. G. Shera, 
J. Path. & Bact. 34:533, 1931. 

A new type of Salmonella organism has been isolated by blood culture from 
a human case of clinical paratyphoid fever. Its antigenic structure, so far as 
the analysis has been carried, may be expressed in symbols (Bruce White 1926 
and 1929) as follows: Specific phase =: Di, D» -f- a minoy factor; group phase = 
G, El and Es -p minor factors ; “O” antigen III. It is proposed to call this 


type Salmonella eastbourne. 


Authors’ Summary. 


Fractions of Different Antitoxic Quality from the Same Serum. M. 

Barr and A. T. Glenny, J. Path. & Bact. 34:539, 1931. 

A diphtheria antitoxic plasma giving an in vivo value of 950 units and in vitro 
value of 625 units (ratio, 1 : 52) has yielded, by successive precipitations with 
ammonium sulphate, a series of globulin fractions of different antitoxic quality. 
The ratio of the fractions precipitated by the least amounts of ammonium sulphate 
is greater than that of the original plasma. The ratio decreases progressively 
throughout the series from 2.69 in the first fraction to 0.93 in the last. 


Authors’ Summary. 
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Studies of Protection Against Tuberculosis. A. Stanley Griffith, 
Medical Research Council, Special Report Series no. 152, 1931. 

The strain of B C G used in these experiments can produce local lesions in the 
rhesus monkey, but these are always benign and do not lead to generalization. 
BCG given by the mouth can pass through the mucous membrane of the alimentary 
canal into the adjacent glands and also gain access to the blood-stream. Vaccination 
with BCG, whether by feeding or by injection, has failed to give to monkeys the 
complete protection against tuberculosis reported by Wilbert, but in some instances 
may have produced a low grade of relative immunity. 

Author’s Conclusions. 


The Variola-Vaccinia Flocculation. J. Craigie and W. J. Tulloch, 
Medical Research Council Special Report Series, no. 156, 1931. 


The variola-vaccinia flocculation reaction is specific and has diagnostic value. 
The test is made best with antiserum of constant concentration and extract of 
varied concentration. Treatment of the crusts with ether before extraction with 
salt solution is of advantage. The reaction is not due to agglutination of secondarily 


infecting bacteria. 


From Authors’ Conclusions. 


Experimental Studies on Formation of Agglutinins and Precipitins. 

T. H. Amako, Ztschr. f. Immunitatsforsch. u. exper, Therap. 70:400, 1931. 

Rabbits having a high normal antibody titer against certain bacteria responded 
with a stronger antibody production when immunized with those bacteria than with 
others. In rabbits revaccinated after an interval, isovaccines had a better immuniz- 
ing effect than heterovaccines ; the antibody response was proportionate to the 
genetic relationship of the organisms of the revaccination to the bacteria of the 
original immunization. The withdrawal of blood had a stimulating effect on 
the titers of agglutinins and precipitins. The development of both antibodies was 
parallel, but agglutinins appeared somewhat earlier and were more heat-resistant. 
The absorption of one of the antibodies did not affect the titer of the other. 

I. Davidsohn. 


Variability, Not Type Specificity, in the Group of the Paratyphoid 
Food Poisoning Bacteria. Hans Meyer and H. Otsu, Ztschr. f. Immuni' 
tiitsforsch. u. exper. Therap. 70:413, 1931. 


Following the procedure of Andrewes, it was possible to isolate strains of 
Bacillus paratyphosus Breslau, which were agglutinated only by a Breslau anti- 
serum and not by other serums, and which were unable to absorb Schottmueller 
agglutinins. However, immune serum produced with such a specific culture 
agglutinated also nonspecific Breslau strains and even a few Schottmueller strains. 
The agglutinins for the different strains could be absorbed separately. The specific 
strain or “phase” is not an unchangeable characteristic, but a reversible variant of 
a dominant character with a recessive nonspecific phase, which can reappear any 
time in the culture or in the antibodies of the immune serum. Therefore, the use 
of serums produced according to Andrewes’ procedure is not reliable for diagnostic 
purposes. 

i. Davidsohn. 


A Modification of Serodiagnosis of Syphilis with Inactivated Serum. 

Tsien-Yung Tsii, Ztschr. f, Immunitatsforsch. u. exper. Therap. 70:445, 1931. 

Normal rabbit serum is used as source of hemolytic antisheep amboceptor and 
of complement. Rabbits of equal weight have, in the author’s experience, almost 
equal complement and amboceptor titers, which precludes the necessity of pre- 
liminary titration. The patient’s serum is inactivated. Comparative tests ivith 
other methods showed very good agreement. _ 

I. Davidsohn. 
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The Specificity of the So-Called Diagnostic Bacteriophages. Mario E. 

Massa, Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:525, 1931. 

A check of the work of Sonnenschein who claimed to have produced specific 
diagnostic bacteriophages for the Bacterium of Schottmiieller, Bacterium dysenteriae 
and Bacterium typhosum. While some of these bacteriophages preferred certain 
of the aforementioned bacteria, they invariably acted also on the variants of the 
other bacteria. The nonspecific lysosensitive variants 
teriophages for differential diagnosis unreliable. 


Intensifying the Prophylaxis of Rabies. Otto 
Immunitatsforsch. u. exper. Therap. 70:536, 1931. 

The improvement of mortality records following vaccinations against rabies is 
due mainly to the broadening of indications for the treatment. The intensifying of 
the treatment by increasing the dosage and shortening the period to from three 
to six days is not advisable. Stretching of the same dose over a longer period is 
« preferable. Davidsohn. 


make the use of bac- 
I. Davidsohn. 

Herrmann, Ztschr. f. 


Immunity in Tuberculosis. E. Hedvall, Ztschr. f. Tuberk, 60:97, 1931. 

Bactericidal antibodies were demonstrated in serum and plasma, but it is believed 
that they are of little significance in the mechanism of immunit}'. It was not 
possible to demonstrate bactericidal action in fixed tissue cells. The mechanism 
which produces immunity in tuberculosis is probably due to a physicochemic altera- 
tion in the cells by which they become less susceptible to tubercle formation when 
brought in contact with tubercle bacilli. The tubercle bacilli, then, remain virulent 
in the tissues, but they do not produce disease. Owing to intercurrent diseases or 
other physiologic disturbances the tissue may lose this resistance against tubercle 
bacilli, and the previously latent tubercle bacilli may produce progressive disease. 

Max Pinner. 


Criticism of B. Lange’s Studies Concerning the Causes of the Lubeck 
Disaster. R. Kraus, Ztschr. f. Tuberk. 61:113, 1931. 


It is pointed out that Lange’s statement that BCG could not revert to a 
pathogenic type is unwarranted. Various workers have shown that such reversion 
does occur, particularly on egg mediums which were used for cultivation in Lubeck. 
It seems unjustified to conclude that the pathogenic strains that were isolated from 
dead children were identical with the pathogenic human strain that was kept in 
De 3 'cke’s laboratory at the time of" the vaccinations. Max Pinner 


Tumors 

Purified (Protein-Free) Virus of Chicken Tumor No. 1. Margaret 
Reed Lewis and William Mendelsohn, Am. J. Hyg. 13:639, 1931. 

Whether the tumor-producing agent is of the nature of a protein cannot be 
discussed at present. It can be said, however, that no protein detectable bj' the 
tests used remained in the solutions of the tumor virus purified by this method. The 
surmise is that the behavior of the protein-free virus solutions may prove to be 
different from that of the unpurified tumor extracts. It is hoped that the study 
of the protein-free virus may lead to a clearer conception of the nature of- the 
virus and, through this, to a better understanding of how the growth of a tumor 
is brought about. Authors’ Summary. 
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Intravascular Hemangio-Endothelioma of the Ovary. F. W. Sovak and 
V. Carabba, Am. J. Obst. & Gjmec. 21:544, 1931. 

Although fifty-two cases of ovarian endothelioma have been reported in the 
literature, this case is only the fifth of its particular type. A colored woman, 
35 years of age, suffered from acute abdominal pain and had a gradually increasing 
mass in the lower right quadrant of the abdomen. Operation revealed a cystic, 
lobulated mass, with blood-filled spaces of varying size. Microscopic examination 
showed a complex tumor, the cellular unit being a small, rounded or flattened, 
oat-shaped cells. Among the tumor cells were thin-walled blood vessels, evidently 
derived from the cells. In other areas the cells formed spaces widely dilated 
with blood. C. G. Warner. 


Tumors of the Carotid Body. F. W. Rankin and W. L. A. Wellbrock, 
Ann. Surg. 93:801, 1931. 

The carotid body is a triangular collection of cells connected bj" fine fibrous 
strands, with the oral epithelium on one end and the th 3 'mus on the other. 
Embryologically, it is supposedl}’' developed from the epithelium of the pharynx, 
from the walls of blood vessels and from nerve tissue or from sympathetic ganglion 
cells of the carotid plexus. Physiologically, little is known about it. Tumors of 
this body have been designated by such names as adenoma, endothelioma, peri- 
thelioma, paraganglioma and simply tumor of the carotid body." The authors give 
a comprehensive review of the literature and add twelve new cases of carotid tumor, 
one bilateral. The characteristic structure of these tumors of the carotid body 
is that of alveolar perithelioma, with whorls of polyhedral and granular cells, 
or compact groups with or without lumen, surrounded by endothelioma. The tumor 
is usually vascular, with the blood spaces lined by prominent endothelial cells. 
About 80 per cent are benign, rarely metastasizing, occasionally recurring. In 
one case there were metastases in the liver. Of the twelve cases reported by the 
authors, five were malignant and six were benign ; the bilateral case is interpreted as 
malignant on one side and benign on the other. The criteria for malignancy are: 
variation in the size of cells ; hyperchromatic nucleoli ; mitosis ; invasion of the 
capsule by the tumor. Whether benign or malignant, the tumor is slow in growth. 

C. G. Warner. 


Sacral Chordoma. J. A. Dickson and C. A. Lamb, Ann. Surg. 93:857, 1931. 

Chordoma is a tumor arising from the cellular remains of the notochord and 
occurring, therefore, along the spine, most frequently at its extremities. The 
average age of onset is from 35 to 40, the spheno-occipital chordomas appear- 
ing, on the average,- ten years later than the sacrococcygeal. The tumor is twice 
as frequent in males as in females. Chordoma has been produced experimentally 
in rabbits by puncturing the body of a vertebra. Grossly, the tumor appears well 
encapsulated, rounded or lobulated, with mucoid degeneration in the lobulated 
cellular areas. Frequently cells of syncytial type are embedded in mucin, some 
areas resembling colloid carcinoma. Rarely is mitosis present, and only occa- 
sionally metastasis. The case reported in this article was treated after operation 
with deep x-ra 3 's, with a progressive decrease in size and a gradual hardening and 

calcification. „ „ 

C. G. Warner. 


AIeningeal Fibroblastoma CDural Endothelioma, Meningioma, Arach- 
noid Fibroblastoma). Charles A. Elsberg, Bull. Neurol Inst New 
York 1:3, 1931. 

Meningeal tumors are supposed to grow from arachnoid cells normally present 
in the form of clusters or nests in the tissue spaces of the dura mater. The 
study of tumors of the spinal meninges makes such a postulate, according to 
Elsberg, not altogether tenable, for such tumors arise also outside the spinal 
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dura, or on its inner surface, without demonstrable connection with the arachnoid 
tunic. Elsberg suggests that the origin of the tumors is to be sought in misplaced 
mesenchymal cell rests. Of the several names suggested, he prefers that of 
fibroblastoma. The present contribution is based on a study of 100 cases — SO of 
cranial and 50 of spinal tumors. They are usually slowly growing, affording the 
brain an opportunity to adjust itself to the changed conditions. Elsberg differ- 
entiates three types : hard tumors, well encapsulated, causing atrophy of the con- 
volutions by pressure; soft tumors, which possess a thin limiting capsule, and 
which for this reason may invade tlie sulci and separate the convolutions — the 
tissue of the soft tumors is fragile and usually very vascular — and tumors 
combining the features of these two; that is, several well encapsulated tumors con- 
nected by soft masses. The intracranial pressure, though increased in the presence 
of these tumors, is usually not high. It is much less than with the subcortical 
infiltrating tumors. In experienced hands, if the operation is well planned, the 
removal of a meningeal tumor is followed by brilliant results. 

George B. Hassin. 


Mouse LEUxEjriA. E; C. Macdowell and Maurice N. Richter, J. Cancer 
Research 14:434, 1930. 

Susceptibilitj" to inoculated leukemia is a dominant character in mice; in the 
backcross to a resistant strain there is a segregation of susceptibility and resistance. 
Two different lines of inoculated leukemia give different proportions of susceptible 
mice in the backcross. With the inoculated leukemia from line I, the proportion 
of susceptible mice is consistently lower than is expected for a single gene, and 
considerably higher than is expected for two or more independent genes. The 
hypothesis that there are two linked genes is being tested. With the inoculated 
leukemia from line A the proportion of susceptible mice in the backcross is always 
less than when line I is used. But changes in line A itself result in different 
proportions in different periods; this necessitates interpreting the different periods 
independently, but such interpretations are not amenable to satisfactory genetic 

Authors’ Summary. 


An Histological Study of Salivary Gland Tumors. A. A. Thibaudeau 
and E. M. Burke, J. Cancer Research 14:440, 1930. 

In salivary tumors the histologic picture in no way aids in the determination 
of the relative malignancy or of the outcome. The outcome seems to depend on 
the clinical aspects of the case, with special reference to the extent of the local 
infiltration arid the duration of the tumor. g Fried 


Tumors in Captive Piumates (Giant Cell Tumor in a Chacjia Baboon). 

Herbert L. Ratclife, J. Cancer Research 14:453, 1930. 

The case of a malignant tumor in a primate in captivity which is described 
in this article, is the seventh on record. The growth originated near the lower 
epiphysis of the ulna, perforated the shaft and the articular cartilage and infiltrated 
the surrounding tissue. It grew rapidly, metastasizing to the lungs, the heart 
and the gluteus muscle. The tumor was made up of large spindle cells, numerous 
capillaries and giant cells. The author did not succeed in transferring the 
neoplasm to Alacacus rhesus. Field 


Primary AIalignant Tumor of the Ureter. M. J. Renner, Surg., Gj-nec. 
& Obst. 52:793, 1931. 

The author reports what he considers to be a carcinosarcoma of the ureter. 
This tumor was found in a man 71 j’ears old. The growth originated from 
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approximately the middle half of the posterior wall of the right ureter, filling 
the ureter and penetrating into the bladder. The mass in the bladder measured 
7 by 4 by 3.5 cm. Histologically, the growth consisted of carcinomatous islands 
surrounded by myxosarcomatous and cartilaginous tissue. q q Warner 


Lymphosarcoma of the Neck. 
815, 1931. 


John W. Spies, Surg., Gynec. & Obst. 52: 


Attention is called to certain types of metastatic carcinoma that may readily be 
confused with lymphosarcoma of the cervical Ij^mph nodes. In a series of fifty 
cases diagnosed as Ij'mphosarcoma of the neck, five cases of metastatic carcinoma 
were found, three of which were classed as lympho-epithelioma ; the other two were 
classed as transitional cell carcinoma. These tumors are radiosensitive. Their 
primary sites are in the nose, pharynx and mouth. q q -^Yarner 


Alteration of Malignancy in Metastatic Growths After Removal or 

Irradiation of Primary Growths. Ralph G. Mills, Albert C. 

Broders and Harold D. Caylor, Surg., Gynec. & Obst. 52:824, 1931. 

The system of grading carcinomas devised by Broders has been applied to the 
study of a series of fatal cases, to detect, if possible, the potency of various factors 
fiiat may affect metastatic growths and even the viability of carcinomatous masses. 

Alterations in the histologic structure of malignant metastatic growths might 
be expected to be found, if longevity after operation or after treatment by irradia- 
tion is dependent on changes in the cell. 

Evidence was not found that removal of the primary growth or irradiation 
altered, to an appreciable degree, the histologic structure of metastatic malignant 
growths. 

Irreconcilable variation between .the grade of the primary malignant tumor 
and that of the metastatic growths, between different portions of the same primary 
growth, or between different metastatic growths of the same subject occurred in 
32 of 207 cases (the entire series of cases was 225, in 50 of which the variation 
persisted after the second surve}"; 18 of the 50 were finally excluded from the 
series because the question of multiple primary tumor entered in). The cause of 
this variation seemed to be inherent in the carcinoma rather than connected with 
the etiologic factors that surrounded it. Growth of metastatic masses in the lung 
seemed to be slightly inhibited by ecologic factors in the lung, but there was no 
noticeable influence exerted by any other organ on metastatic growths* that 
developed within it. 

A method of approach has been developed that should be applied to a much 
larger series of cases, in order properly to analyze the factors involved. 

Authors’ Summary. 

Incidence of Cancer of the Bladder and Prostate in Certain Occupa- 
tions. S. A. Henry, N. M. Kennaway and E. L. Kennaway, J. Hyg. 
31:125, 1931. 

In persons pursuing eight of ten occupations associated with exposure to coal 
gas, tar, pitch or soot, the incidence of cancer of the bladder is greater than in the 
general male population, and in persons following five, of the ten occupations it is 
from one and a half to four times as great. Three of these occupations show the 
highest figures for incidence of cancer of the bladder observed among the forty- 
six occupations investigated. Various possible sources of error in these figures 
are discussed, of which the most serious is the Smallness of the numbers of deaths 
involved. The corresponding data for cancer of the prostate give less consistent 
indications of an occupational liability. The subject needs much further inquir}^ 
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but it has seemed best to publish now, without further delay, such material as is 
available, rather than wait for another long term of years while more data 


accumulate. 


Authors’ Summary. 


Medicolegal Pathology 

Fatal Poisoning with Arecalinum Hydrobromicum. Heinsen, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 17:67, 1931. 

Arecalin is an alkaloid of Areca catechu. Poisonings with this drug were 
unrecorded in the literature to date. Its pharmacodynamic action is similar to 
that of pilocarpine. In the case described, the autopsy disclosed marked edema 
of the lungs and large quantities of mucous secretion and foam in the respiratory 
tubes. There was arterial hyperemia of all the internal organs, with definite signs 
of internal asph 3 'xiation of the tissues. This case teaches that SO mg. of 
arecalinum hydrobromicum causes the death of a healthy adult man within from 
seven to twelve hours. The poisonous action of this drug is greater and more 
intense than that of pilocarpine hydrochloride. p. Miloslavich 


Determination of Alcohol in Blood and Brain. H. Klauer, Deutsche 
Ztschr. f. d. ges. gerichtl. Med. 17:89, 1931. 

All the present methods of determining alcohol, quantitatively or qualitatively, 
are of little value to forensic medicine, because they are either inaccurate or too 
complicated. To date, the most favored methods used are that of Nicloux, oxida- 
tion of alcohol by potassium bichromate in a sulphuric acid solution, and the 
interfereometric procedure of Kionka and Hirsch; but even these are not satis- 
factory. A new technical method is introduced by the author and should be 
consulted in the original paper. . L. Miloslavich. 


Spattering of Tissue from Gunshot Wounds. Waldemar Weimann, 
Deutsche Ztschr. f. d. ges. gerichtl. Med. 17:92, 1931. 

Not uncommonh% blood, particles of muscle or of fat tissue or small fragments 
of fractured bone may be hurled out of a gunshot wound and then be found, even 
after a long period of time, on various objects in the environment of the victim or 
on the clothing or body of the assailant. Spattering of such tissues is seen 
parti'cularlj" on the weapon itself, and then not only on its outer surface, but also 
within the barrel. Of course, such particles may lodge on the hand that pulled 
the trigger. Injuries to the fingers or smudging of the same are occasionally 
observed on the hand that has fired a pistol, as, for example, in a suicide. Spat- 
tering of torn tissues of a gunshot wound is seen under certain circumstances, 
such as in the use of firearms of large caliber, in instances of the abundant develop- 
ment of explosive gases that penetrate the wound canal, and in cases in which the 
bullet strikes a bone that is close to the skin, thus hindering the expansion of 
explosive gases. In the last instance, the gunshot wound exhibits a star-shaped 
appearance. In wounds of this character, one should search for spatters of tissue. 
In gunshot injuries of larger blood vessels or of the eyeball, spattering of blood 
or of crushed tissues of the eye may be pronounced, on account of the hydro- 


dj'iiamic action of the fluid. medium. 


E. L. Miloslavich. 


Necrosis of Liver from Indirect Injury. J. Gerber, Deutsche Ztschr. f. d. 
ges. gerichtl. Afed. 17:106, 1931. 

Approximatelj- one third of all blunt injuries to the abdomen cause injuries to 
the liver, particularly to the convexity of the right lobe. The author describes 
the development of necrotic areas in the subcapsular region on the convexitj^ of 
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the liver in a young pregnant woman who died of complications (hemothorax) 
following gunshot wounds of the right side of the thorax. As predisposing factors 
for the indirect transmission of the force to the liver are mentioned the gravidity 
hyperemia of the liver, its high position and the limited expansion of the dia- 
phragm, owing to the enlarged gravid uterus. There is a certain analogy to the 
injuries of the internal organs occasionally found in tangential gunshot wounds 


of the wall of the thoracic and abdominal cavities. 


E. L. Miloslavich. 


Chronic Industrial Radium Poisoning in Joachimsthal. A. Woldrich, 

Med. Klin. 27:17, 1931. 

A special investigation has revealed that many workers in the Joachimsthal 
mines suffer from a secondary myelotoxic anemia, undoubtedly due to the radium 
in the minerals. 

Traumatic Hemorrhage in the Walls of the Fourth Ventricle. O. 

Berner, Norsk mag. f. lasgevidensk. 91:1155, 1930. 

Berner claims that slight trauma may cause hemorrhages in the region around 
the fourth ventricle, and that even the changes in tension originating during 
spontaneous bleeding are under certain conditions Sufficient to cause analogous 
hemorrhages. At the time of the trauma, there occurs in the fluids in the lateral 
ventricles a wave movement, which, seeking to escape, transplants itself through 
the aqueduct of Sylvius and strikes the floor of the fourth ventricle with such 
force as to cause lesions there (Duret). The phenomena from the circulatory 
organs and from the respiratory side so characteristic in the picture of concussion 
of the brain are thus, he says, easily explained by hemorrhages in the region 
where the centers of these functions are situated. He discusses where in the 
brain spontaneous bleedings are known to occur, with particular attention to the 
so-called “primary ventricular” hemorrhages which originate from the choroid 
plexus or from a subependymal blood vessel and thus may enter the cranial cavity 
without destruction of nervous tissue, and treats of the probability of a sponta- 
neous origin of a hemorrhage in the fourth ventricle. 

POSTTRAUMATIC TARDY HEMORRHAGES OF THE BraIN. FrANCIS HaRBITZ, 

Norsk mag. f. l^gevidensk. 92:501, 1931. 

Harbitz says that practical experience shows multiple hemorrhages and con- 
tusions at the base of the fourth ventricle to be unusual even after marked traumas 
of the head with pronounced changes in the cranium and surface of the brain; he 
has sometimes, though seldom, found hemorrhages in the inner portion of the 
brain simultaneously with contusion of the cortex, meningeal bleeding and fissures 
in the cranium, as after automobile accidents, but never certain or highly probable 
traumatic hemorrhages in the walls of the third and fourth ventricles as the only 
essential result after a moderate trauma of the head, with concussion of the brain 
as the cause of death (see Berner; Norsk mag. f. Icegevidensk. 91:1155, 1930), 
and he regard such results as rare and hardly of practical significance. In his 
opinion, Berner stresses too much these small traumatic hemorrhages in the fourth 
ventricle as the cause of death when there are other evident changes in the brain 
that can both explain the symptoms and be the cause of death, and in cases with 
intoxication the possibility cannot be excluded that the changes and death might 
be due to alcoholism. He agrees with Berner that in concussion of the brain real 
anatomic changes are doubtless far more frequent than supposed, and more attention 
to such changes in the walls of the third and fourth ventricles is now advised. 
With regard to tardy hemorrhages on a traumatic basis, in his material only two 
cases to date have revealed what might plausibly be considered as late hemorrhages 
of traumatic origin, and they occurred in work worn men, aged 42 and 55, 
respectively. 
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A New Method for the Determination of Cholesterol. A. Bloch, 
Schweiz, med. Wchnschr. 61:108, 1931. 

The method originally proposed by Bloor (/. Biol. Chem. 24:227, 1916) for the 
colorimetric determination of cholesterol in blood, while widely used for many 
3 'ears as a standard procedure, was not universally accepted, because of the time 
required to make the test, the volume of the reagents required and the frequency 
with which an undesirable brown contamination would appear during the final 
stage of the development of color. Apparently unaware of the several existing 
modifications of the original Bloor method that have appeared within recent j'-ears, 
notably that of Sackett (/. Biol. Chem. 64:203, 1925), which requires only 0.2 cc. 
of blood, is far simpler and more rapid and yields an excellent preparation for 
colorimetry, Bloch proposes an additional modification that requires the preliminary 
separation of the cholesterol on precipitated barium carbonate. One cubic centi- 
meter of the serum is heated on a water bath for one hour with 20 cc. of 10 per 
cent barium hydroxide. After cooling and filtration, the precipitated material is 
allowed to dry. The cholesterol is then removed from the precipitate b}' pro- 
longed extraction with a mixture of alcohol and ether. An aliquot volume of the 
extract is evaporated to dryness and the chloroform-soluble fraction of the residue 
converted into the familiar green end-product of the Liebermann-Burchard pro- 
cedure. Precipitation with the Folin-Wu deproteinization reagent may be sub- 
stituted for precipitation with barium hydroxide. Arthur Locke 

Smear Preparations in Lymphatic Leukemia. K. A. Heiberg, Centralbl. 
f. allg. Path. u. path. Anat. 50:101, 1930. 

From studies on the blood of six normal people and three suffering from 
chronic Ijnnphatic leukemia the author concludes that the nuclei of only 10 per 
cent of the small Ijraphoc^des of normal people are greater in diameter than 
10 microns, W'hereas from 37 to 50 per cent of the lymphocytes of those ill with 
leukemia are larger than 10 microns. He asserts that distortions of as much as 
150 per cent occur in the cells of sections. He thinks that smear preparations 
carefully made yielded the more accurate results. George Rukstin»,t 


A Method for Investigating Pathologic Alterations in Bone. Structure. 
L. S. Frank-Kamentzky and W. J. Schlapohersky, Centralbl. f. allg. 
Path. u. path. Anat. 50:133, 1930. 

The authors employed roentgenograms of thin sections of bone in their studies. 
Photographs of the changes noted in rickets, osteitis deformans and chronic osteo- 
myelitis and of changes observed post mortem illustrate the potentialities of the 
method first employed by Julius Wolff in 1900. Rukstinat. 


Frozen Unfixed Tissue Sections for Histologic Study. O. Schultz- 
Brauns, Centralbl. f. allg. Path. u. path. Anat. 50:273, 1931. 

Unfixed tissues were cut on the freezing microtome with the added agency 
of a second freezing apparatus that cooled the knife. From the knife the sections, 
still frozen, were transferred to slides. In this way friable material, such as 
placenta, and stick}' substances, such as mucus and fat, can be cut and the sections 
handled with ease. A second advantage of the method is that sections are placed 
on the slides in the original state without displacement or partial solution of any 
of the constituents. After being transferred to a slide, the sections can be fixed 
quickly and individually. The method eliminates fixation of numerous blocks 
and guarantees complete fixation, which is hard to "achieve in the center of a 

George Rukstinat. 
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A Modification of Cajal’s Gold Sublimate Method for Demonstrating 
Macroglia Cells in Formaldehyde-Fixed Material. M. Corten, 
Centralbl. f. allg. Path. u. path. Anat. 50:339, 1931. 

The steps in this staining method are as follows : 

1. Cut frozen sections of formaldehyde-fixed material, not thicker than 25 
microns. 

2. Immerse in the following mixture: ammonium bromate, 15; formalhehyde 
(neutral), 100, and distilled water, 400. Warm until the mixture steams. 

3. Transfer without washing to: antiformin, 3 cc. ; distilled water, 2 cc., and 
alcohol (96 per cent), 8 cc. Keep the sections in motion in this solution for from 
six to fifteen seconds. 

4. Wash twice quickly in distilled water and then place in 1 per cent aqueous 
gold chloride, 4 cc. ; 5 per cent aqueous silver nitrate, 8 cc., and distilled water, 
6 cc. Keep in the dark at 37 C. for one hour or until adequatel 3 ’^ impregnated. 

5. Wash in 5 per cent sodium thiosulphate for fifteen minutes, wash in water, 
dehydrate, clear in xylene and mount in balsam. 

The results are similar to those obtained bj’- the original method of Cajal. The 
modification is applicable to gelatin sections, if the concentrations of gold chloride 
and sublimate are slightly altered. George Rukstinat. 


Death After Transfusion of Blood. H. Wildegans, Deutsche med. 

Wchnschr. 56:2031, 1930. 

Severe reactions follow about 5 per cent of transfusions of blood regardless 
of whether typing is done or not. Errors in typing may occur because the serum 
is exposed to sunlight or because of alkali in the test tubes. Theoretically a 
transfusion can be undertaken without accident if the red blood cells of the 
donor are not agglutinated by the serum of the recipient. Other factors must, 
however, be considered. In some cases, the blood of the recipient is in such a 
small volume that it cannot effectively dilute the blood of the donor. For this 
reason transfusions should never be given in quantities greater than one fifth of 
the donor’s total circulating blood. Wildegans advises administering a saline or 
a dextrose solution as a preliminary procedure and then calculating, from the 
difference in the reading of hemoglobin before and after this transfusion, the 
volume of the blood of the recipient. Agglutination has been observed to occur 
in titers of 1 : 250. An important feature in death occurring shortly after a trans- 
fusion is the presence of hemoglobin in the kidney, as emboli in the glomeruli 
and as casts in the tubules. In biologic processes hemolysis can occur in the 
absence of agglutination, and this suggests a simple hemolj'sis test to make the 
tranfusion of blood safer. 'Rukstinat. 
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Leila Charlton Knox, President, in the Chair 

TiVo Unusual Cases of Interstitial Myocarditis. Max Lederer. 

Case 1. — The patient, a boy, was born at full term but was delivered by for- 
ceps, and was formulae-fed. At 7 months of age he began to have diarrhea, 
which was controlled by diet. At 9 months, he had another attack of diarrhea, 
with from four to eleven loose, watery- stools, showing mucus, but no blood 
which had lasted for ten days when he was admitted to the hospital. In these 
ten days he had lost 3 pounds (1.4 Kg.). 

He was very poorly nourished, dehydrated and apathetic. The breathing was 
rapid and shallow, the eyes sunken and the fontanels depressed; there was no 
cyanosis. The extremities were normal. There was an inconstant, but marked, 
lateral strabismus of the right eye. The tongue was dry; the tonsils were normal; 
the cervical and inguinal lymph glands were palpable. The chest was poorly 
developed; the lungs were normal; the intercostal spaces were prominent. The 
following observations were made regarding the heart: The point of maximum 
impulse was in the fifth intercostal space in the nipple line. On percussion there 
was no enlargement. On auscultation the sounds were rapid and of poor quality; 
there were no murmurs. The second pulmonic sound was louder than the second 
aortic. 

The urine showed 1.4 per cent sugar, a faint trace of albumin and a trace of 
acetone. On subsequent examination the urine was clear. The hemoglobin was 
82 per cent; the red blood cells numbered 4,500,000; the white blood cells, 18,000, 
with lymphocytes 81 per cent. The white count varied between 6,100 and 18,000, 
with from 18 to 57 per cent polymorphonuclears. Nose and throat cultures were 
negative for diphtheria bacilli. The tuberculin reaction was negative. Stool 
cultures showed colon bacilli. Repeated roentgenograms of the chest were 
negative. 

Because of the strabismus a spinal puncture was done, and the fluid was found 
to be normal. The child was placed on an appropriate diet, given two transfusions 
and within seven weeks was discharged, apparently normal. 

The diagnosis on discharge was diarrhea with intoxication and acute catarrhal 
otitis media. 

The child was readmitted nearly one j^ear later. During the interval he had 
had two mild attacks of tonsillitis, and two months before readmission diarrhea, 
with twelve stools per day. Two months before admission he had been fretful and 
had had a temperature of from 101 to 104 F., without chills. Ten days before 
admission his gums had become swollen and covered with yellow pus. Blisters 
appeared on the tongue. There was no bleeding. He was fretful and did not eat. 
The stomatitis was treated, without improvement. 

The pertinent findings were swelling and redness of the left eyelid, with a 
thick, yellow, purulent discharge, and injection of the conjunctivae. The right 
eye was normal. From the mouth emanated a fetid odor. The tongue was coated 
. and denuded in small areas. The gums were swollen and bled easily. There were 
no ulcerations. The pharjmx was red. The tonsils were large and cryptic. The 
heart showed no enlargement. The point of maximum impulse was in the fifth 
intercostal space, just within the nipple line. There were no thrills or murmurs. 
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The sounds were rapid, irregular and almost tick-tack in quality. There was a 
suggestive blowing quality to the first apical sound. The second apical sound was 
accentuated. The pulmonic second sound was accentuated and louder than the 
second aortic. There were a few discrete, enlarged lymph nodes, in the cervical, 
axillary and inguinal regions. 

The urine showed a faint trace of albumin and acetone. The hemoglobin ranged 
between 64 and 51 per cent; the red blood cells, between 3,100,000 and 3,450,000; 
the white cells, between 20,200 and 9,000, with 68 to 59 per cent polymorphonu- 
clears. The bleeding time was one and a half minutes ; the coagulation time, three 
minutes. The tuberculin test was negative up to 5 mg. Cultures from the nose 
and throat showed the usual organisms; those from the mouth showed a pre- 
dominance of streptococci. The teniperature ranged between 99.4 and 104 F., in 
a septic fashion. The pulse rate fluctuated between 110 and 132 and the respirations 
between 28 and 60. 

Shortly after admission signs of bronchopneumonia developed, and death 
followed on the eleventh day. 

Autopsy . — The body was that of a well developed, well nourished white boy, 
21 months old. The lower extremities were slightly edematous. The abdominal 
cavity contained between 1 and 2 liters of pale yellow, clear fluid. The peritoneum 
was pale, smooth and glistening. Both pleural cavities contained small amounts 
of a similar fluid. The pericardial sac was filled with a similar fluid, causing 
moderate distention. The thymus and the lungs were edematous, the lungs con- 
taining a moderate number of pigment macrophages. 

The heart was enlarged, weighing 100 Gm. Externally the right ventricle was 
distorted by a smooth, round mass that occupied the upper anterior aspect of the 
right ventricle, close to the interventricular septum. It was nodular and firm. 
When sectioned, this area was found to consist of a rather well circumscribed, 
homogeneous, firm, but not hard, yellow tissue embedded in the wall of the myo- 
cardium, displacing the epicardium outward and the endocardium inward. The 
nodule measured 2 by 3 cm., and extended upward to the base of the left cusp of 
the pulmonary valve, without involving it or impairing its efficiency. There was 
a similar nodule of the same size embedded in the anterior wall of the right ven- 
tricle near the apex. At this point the endocardium and papillary muscles appeared 
as white structures. The myocardium as a whole was pale. The foramen ovale 
and the ductus arteriosus were closed. The tricuspid, pulmonar}’’, mitral and 
aortic valves were normal. The pulmonarj' artery, aorta and coronary vessels, 
as well as the auricles, appeared normal. 

Numerous sections were taken from various parts of the organ and fixed in 
alcohol, formaldehyde, Zenker’s and Helley’s fluids. They were stained with 
hematoxylin-eosin, van Gieson’s stain, Mallory’s stain and aniline blue for 
Aschoff bodies, elastic tissue, tubercle bacilli, Spirochaeta pallida and other bac- 
teria. A study of the sections revealed what appeared to be a progressive inflam- 
matory process passing through successive acute, subacute and chronic stages, 
with final replacement of the parenchyma by scar tissue. In the acute lesions 
was seen an interfibrillary infiltration of the musculature with polymorphonuclear 
neutrophils, accompanied by edema. The muscle fibers in these areas were thinned, 
as though compressed, and appeared to be undergoing necrosis. The cells were 
distorted; striations had disappeared, and in places only fragments of cells could 
be recognized. Tn the subacute stage, the muscle elements had almost completely 
disappeared, having been replaced by large collections of numerous plasma and 
round cells, a few eosinophilic polymorphonuclears and an occasional giant cell. 
In the chronic stage, the exudate consisted almost e.xclusively of small round cells 
and many fibroblasts, the muscle cells having completely disappeared. The stroma 
was loose, and fibrous tissue strands could be recognized. In the final stage, all 
that remained was dense fibrous tissue, containing newly formed blood vessels a 
few round cells and no muscle. The endocardium, pericardium and blood vessels 
were normal. 
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No Aschofif bodies, tubercle bacillus, Spirocbaeta pallida or other bacterium 
could be found. 

The mediastinal and mesenteric lymph glands were soft, enlarged and pink. 
On miscropic examination, the normal architecture was exaggerated. The bmiphoid 
follicles were small, but well developed. The germinal centers showed a variety 
of changes, ranging from hyperplasia to fibrosis and hyalinization. Some were 
increased in size owing to proliferation of their component cells; in others, the 
cells were necrotic. The necrosis varied from that of mild degree to complete 
destruction of cells and replacement by detritus and nuclear fragments and in 
some areas fibrosis and hyalinization. The pulp was congested and edematous. 
The spaces were large and filled with small round cells. In the mesenteric nodes 
were only moderate numbers of macrophages. 

The spleen weighed 50 Gm. It was normal in shape, purple and firm. The 
capsule was smooth. On section, the follicles stood out prominently. The pulp 
was dark red and appeared congested. 

Microscopically, the architecture of the spleen was normal. In the lymph 
follicles were changes resembling those in the 13'mph nodes. In the spleen, however, 
the changes were more severe, and involved more follicles than in the lymph nodes, 
The pulp was congested and contained numerous small hemorrhages. The walls 
of the sinuses were thickened, the thickening I being accompanied by marked 
endothelial hj'perplasia. 

The capsule of the liver was pale, smooth and glistening. On section, the cut 
surface presented a widely diffuse, yellow appearance. 

Microscopic sections showed the capillaries to be greatly dilated, thereby 
causing marked distortion of the liver cords. The hepatic cells were swollen in 
some places and compressed in others. Thej' showed fatty degeneration and 
infiltration. Areas of focal necrosis, some in early stages, with destruction of the 
liver cells and invasion with polynuclear cells, others with round cell infiltration 
and still others with fibrotic changes, were scattered throughout the organ. In 
the portal areas were an abundant round cell infiltration and a moderate increase 
in fibrous tissue. The bile passages, except for an apparent increase in the 
diameter of their lumina, were normal. 

The common duct was patent, as were the hepatic ducts. The gallbladder and 
cj'stic duct were absent; a thin fibrous band of tissue represented tlie site where 
this organ is normally found. The hepatic artery and the portal vein were normal. 

The kidne3"S weighed 60 Gm. each. The capsules stripped with ease, leaving 
smooth, pale, lobulated surfaces. The cut surfaces of the organs showed the 
cortex and medulla well differentiated, but pale. The blood vessels were con- 
gested. The pelves were normal. 

Microscopic sections showed most of the glomeruli to be normal. Scattered 
throughout the organs, however, were glomeruli that showed changes ; some were 
congested, enlarged and hyperplastic; others showed typical cresent formation and 
lesions indicating transformation from early cresent formation to complete fibrotic 
replacement of the tufts. No cellular exudate could be found. The tubular 
epithelium was swollen and somew^hat granular. The blood vessels were normal. 

Anatomic Diagnosis . — The anatomic diagnosis was: acute, subacute and 
chronic interstitial myocarditis ; congenital absence of the gallbladder and cystic 
duct ; toxic necrosis of the h^mphadenoid tissue (lymph node and spleen) ; subacute 
and chronic glomerulonephritis; interstitial hepatitis, and chronic passive con- 
gestion and focal necrosis of the liver. 

Case 2. — ^A boy, aged 13 years, complained of weakness in the legs, chills 
and fever, vomiting of four days’ duration, difficulty in breathing, bloody stools 
and hematemesis. 

The patient w'as one of nine children; the others were living and well. He 
had had pneumonia w'hen he w^as 6 3'ears old. Twm weeks before admission to 
the hospital on Nov. 30, 1930, during a football game he was hit with the football 
in the right upper quadrant of the abdomen. The next 633% he noticed weakness 
of the legs. That night he was unable to cat and vomited 3"eilow'ish fluid. He felt 
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no pain in the upper right quadrant, but noticed that it was black and blue. The 
next night he complained of pain in the epigastrium and felt feverish. He went 
to school until November 24, and then remained at home because of his illness. 

On the twent 3 ^-sixth he began to have chills, which lasted one-half hour and 
were followed by fever. The weakness in his legs continued. On the twenty- 
seventh, he noticed that his stools were watery and black, and he coughed up a 
few firm, red pieces of blood. On the twenty-ninth, he began to have difficulty in 
breathing, because of pain. There was no cough or expectoration. 

Physical examination showed the boy lying in an orthopneic position, apparently 
acutely ill, with rapid, shallow respirations and dilatation of the alae nasi. He 
had a cyanotic flush on his cheeks. The cervical lymph glands were palpable 
and enlarged. Abnormal venous pulsation was noted in the neck. The thyroid 
gland was not palpable. The chest was well developed. The respirations were 
rapid and shallow. There was some dulness at the base of the right lung, where 
the breath sounds were .diminished. The. heart sounds were rapid, but regular 
in rate and rhythm. There was an occasional dropped beat. The sounds were 
of good quality. There were no murmurs. The heart was not enlarged to per- 
cussion. The abdomen showed tenderness and rigidity in the upper right quadrant 
on deep palpation. The edge of the liver was palpable at the umbilicus. 

The temperature on admission was 99 F., and during the staj”- in the hospital 
ranged between 99 and 101 F. The pulse rate varied between 96 and 138. The 
respirations were between 26 and 50. 

The blood count on admission showed 2,440,000 red blood cells, 16,200 white 
blood cells, with 72 per cent polymorphonuclear leukocytes, and hemoglobin, 
68 per cent. The blood culture was sterile. The Wassermann and Kahn tests 
were negative. Blood was present in the stools. 

During his stay in the hospital, the patient began to show symptoms and signs 
of cardiac decompensation, and he died on Dec. 8, 1930. 

Autopsy . — The body was well developed and well nourished. The peritoneal 
cavity contained a large quantity of straw-colored, clear fluid. The right pleural 
cavity was obliterated by dense adhesions ; the left contained straw-colored fluid. 
The pericardial sac contained a slightly increased quantity of fluid. 

The heart weighed 212 Gm. The epicardium was smooth and glistening. 
The musculature was flabby. Both auricles were dilated. The foramen ovale 
was patent. The mitral, pulmonarj”^, tricuspid and aortic valves were normal. The 
musculature of the right ventricle measured 4 mm.; that of the left, from 9 to 
11 mm. On section there were extensive areas of j'ellowish-gray, dense tissue 
scattered throughout both walls. The interventricular septum showed a similar 
appearance, the upper quarter being very thin and translucent. Large thrombotic 
masses adhered to the walls of the apexes of both ventricles. The coronary arteries 
appeared normal. 

Microscopic sections showed extensive areas of destruction of cardiac muscula- 
ture, with replacement by granulation and fibrous tissue, a picture similar to that 
seen in myomalacia and m 3 "ofibrosis due to coronary occlusion. The coronar 3 ’ 
arteries, however, were normal, except that the terminal fine twigs contained 
organized thrombi. No spirochetes were found after prolonged search. 

The other organs showed the usual changes found in chronic passive congestion. 

DISCUSSION 

Alfred Plaut: Might not the last case be an interstitial myocarditis? It 
happens, although very seldom, that a person dies in seemingly perfect health, 
and the autopsy shows nothing except a certain dilatation of the heart, and unless 
microscopic examination of the heart muscle is made, the case remains a mystery. 
The fact that the disease started after the accident with the football perhaps is 
entirel 3 ' accidental. 

As to the other case, I should like to know how far the bacteriologic examina- 
tion of the autopsy material has been carried — whether any material was used 
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for cultures or animal inoculations. Perhaps that might have been one possibility 
of learning something of this widespread inflammation, and the fact that all the 
stains for bacteria were negative would possibly not exclude an infection with 
the pseudotuberculosis group, which are very difficult or impossible to stain in 
sections. 

CoLEjfAN Rabin: The first case reminds me of a Negro woman on whom 
an autopsy was performed at the Mount Sinai Hospital. She had recently come 
from the West Indies, and entered the hospital with cardiac failure, dying soon 
thereafter of what appeared to be acute myocardial failure. At the postmortem 
examination there was found a dilated heart, which showed necrosis of muscle 
fibers, old fibrous tissue and fresh granulation tissue — a picture quite similar 
to the one shown in the slide. The clinical story was the same — acute cardiac 
failure in a patient who had apparently been perfectly well, and who showed at 
postmortem examination an old cardiac lesion of the type described by Dr. 
Lederer. Similar cases have been described of acute cardiac failure in beriberi; 
in these cases, coolies drop dead in their tracks, and post mortem an old lesion 
of the heart is found — a clinical and postmortem picture altogether similar to 
that in Dr. Lederer’s case. I may suggest that although this is probably not 
beriberi, the diarrhea and hemorrhages are suggestive of a nutritional disturbance. 

Max Lederer (closing the discussion) : The diagnosis of interstitial rajm- 
carditis is very tempting in both of these cases. I think when one looks up the 
question of interstitial myocarditis, one usually finds that there is some etiologic 
factor to which the lesion can be traced. Those cases in which the m 3 mcardium 
alone is affected without known etiology and without other changes in the body 
are known as isolated myocarditis. The second case may possibly belong to that 
group. This boy was 13 years of age. He had been perfectly well until he was 
hit with the football. He was a big, strapping boy for his age. He had had 
pneumonia at 6 , and he had evidences of old pleurisy. The lung was adiierent, and 
there was no fluid on that side, whereas there was some on the other side. I 
thought that he had a myocardial condition that began at that time and continued 
until his heart failed. There was no acute lesion. The question of nutritional 
disturbance I think may be ruled out. 

In the first case there was a question of nutritional disturbance for a long 
time, with the continued diarrhea. We did not make postmortem cultures or anj" 
experiment on animals. In our hospital the results with postmortem cultures 
are discouraging, because our material comes to us so long after death. 

The question of beriberi was not gone into. 

The strange thing is that the conditions in these hearts occurred in persons 
at such a young age : 21 months and 13 3 -ears. As I said in m 3 ' opening remarks, I 
presented them mainly because of the fact that pathologists who had seen a great 
many hearts told me they had never seen any just like these. 

A Case of Endocarditis Due to B.vcterium Acidi-Lactici. Lewis Dickar. 

This appears to be the first case of bacterial endocarditis due to B. acidi-lactici 
reported in the literature. 

The micro-organism is considered to be a separate species in the B. coli group ; 
others regard it as one of the varieties of B. coli. It resembles the other bacilli 
in this group, but is readily distinguished from them by its lack of power to 
ferment saccharose and salicin. 

One other example of infection with B. acidi-lactici was reported by Ray in 
1923 — a case of meningitis in which the micro-organism was isolated from the 
blood and spinal fluid. Several cases of endocarditis due to B. coli are known. 

History. — K man complained of frequency of micturition and nocturia. ^^The 
only previous illness of interest was a mastoiditis with operation two and one-half 
years before. His present illness began abruptly two days before a(feission, with 
marked frequency of urination, nocturia and fever. The temperatnrervas 102 F.; 
the pulse rate. 96; the respiration rate, 20; the blood pressu^-i^~S 3 'Stolic_and 
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60 diastolic. He was an obese man of 54, acutely ill. The chest and abdomen 
appeared to be normal. The heart, sounds were of fair quality, and no murmurs 
were heard. The prostate was prominent, soft and tender. There was slight 
hematuria after the rectal examination. 

The red blood count was 3,700,000 on admission and dropped to 3,000,000 
shortly before death. The white count was 10,000 on admission. The urine showed 
the presence of albumin and diacetic acid on one occasion. White blood cells were 
always found. 

The temperature rose to 106 F. on November 10. On November 15, an external 
urethrotomy with incision and drainage of a prostatic abscess was performed. 
Several drachms of pus was removed. No culture was taken. A blood culture 
on November 17 was positive, a gram-negative bacillus being isolated. The white 
count rose to 27,850, with 92 per cent polymorphonuclear leukocytes. A blood 
culture on November 26 was sterile. The temperature began to drop slowly 
until November 29, when it became septic. The white count at this time was 
15,000, with 91 per cent polymorphonuclears. A blood culture on December 2 
was positive. On December 3, a physical examination revealed dulness at the 
base of the right lung and rales at the base of the left lung. On December 4, 
bronchovesicular breathing was present on the left side. A loud systolic and a 
soft diastolic murmur were heard for the first time. These became louder from 
day to day. The pulmonary signs continued changing. On December 7, petechiae 
were found in the left conjunctiva, and the fingers on the right hand were painful. 
Petechiae appeared elsewhere; in addition, the right wrist became painful and 
swollen. On December 10, the patient was slightly irrational. The white count 
had again risen to 26,400, with 89 per cent polymorphonuclears. On December 11, 
the patient was exceedingly irrational ; meningismus developed in the afternoon. 
That evening he suddenl}' became livid, and the pulse rate dropped to 48. He 
died thirty-five days after admission and twenty-seven days after operation. 

, The clinical diagnosis was subacute bacterial endocarditis due to B. acidi-lactici 
and abscess of the prostate. 

Autopsy . — The autopsy was performed nine and one-half liours post mortem. 
There were many petechiae in both conjunctivae and in the skin of the trunk and 
upper extremities. The perineal incision was clean and not draining. The most 
striking findings were in the heart. 

The heart weighed 500 Gm. The auricles were covered with thick, gray, firmlj'" 
adhei'ent membrane. Otherwise the right auricle was normal. The tricuspid 
valve was thin and delicate. At the base of the septal leaflet was a nodule 
about 0.5 cm. in diameter. On section an abscess was found, surrounded by a 
hemorrhagic area. The right ventricle was dilated and hypertrophied. The 
pulmonic valve was normal. In the left auricle was an elevated hemorrhagic 
area in the fossa ovalis. The mitral valve was slightly thickened at the line 
of closure. Several small hemorrhagic areas were present in the base of the valve. 
A hemorrhagic area about 3 mm. in diameter was present in the posterior papillary 
muscle. The left ventricle was hypertrophied and dilated. The aortic valve leaflets 
were covered with vegetations, which were soft, crumbly and pale yellow. The 
largest vegetation measured 2.5 cm. in length and 1.5 cm. in thickness, and 
entirely covered the right posterior leaflet. This leaflet was ulcerated, leaving 
an opening about 2 mm. in diameter. Extending from this were small masses, 
growing down over the endocardium of the left ventricle, the aortic leaflet of 
the mitral valve and to the base of the tricuspid valve through the muscle. The 
areas to which the vegetations were adherent were hemorrhagic. The myocardium 
was firm, with no visible fibrosis. 

The coronary arteries were mildly sclerotic. The aorta had many small 
atheromatous plaques. 

The lungs were voluminous, and crepitant throughout. The spleen weighed 
280 Gm. It was soft and reddish brown. On section the pulp bulged over the 
capsule. The corpuscles were large. 
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The liver weighed 3,320 Gm. and was normal. 

The gallbladder was large and filled Avith thick, greenislr-black bile. Two 
stones were present. The wall of the gallbladder was thickened. 

The pancreas and the suprarenal glands were normal. 

The kidneys each weighed 260 Gm. The capsule of the right kidney stripped 
easily, leaving a very finely granular surface, which was pale yellowish green with 
many small light yellow areas. On section the color was yellowish brown. The 
cortex was 8 mm. in thickness. Small abscess cavities filled with yellowish pus 
were present. Many tubules in the pyramids were seen as yellowish stripes. The 
left kidney had a more granular surface. It was yellowish brown, with small 
elevated yellowish areas. On section it was pale reddish brown. The cortex 
was tliin, measuring S mm. in tliickness. Red longitudinal stripings were present. 
The pyramids were made up of alternate stripes of red and yellow. In them 
were several large abscess cavities up to 1.5 cm. in diameter, filled with pus. 

The bladder was thick-walled. The mucous membrane was pale. 

The prostate was not enlarged. It was firm and asymmetric. The left side 
was larger than tlie right. The capsule was indistinct and merged with the peri- 
prostatic tissue. Many small pus-filled abscesses were present. The seminal 
vesicles and testes showed no changes. 

The gastro-intestinal tract was normal. 

The brain weighed 1,450 Gm. Externally, there was a hemorrhagic area on 
the parietal lobe of tlie right cerebral hemisphere close to the raidline. On section 
many small pale red areas were found scattered tlirough the cerebral hemispheres, 
internal capsules, cerebellar hemispheres and medulla. The spinal cord was not 
removed. 

B. acidi-lactici was obtained in pure culture from the cardiac blood. 

Microscopic Examination . — In the myocardium were areas of polymorpho- 
nuclear infiltration. Plugs made up of short fat rods filled many of the blood 
vessels. A section of the myocardium taken from a point near the aortic valve 
showed thickening of the endocardium and subendocardial layers. Parts of these 
structures were infiltrated with red blood cells and polymorphonuclear leukocytes, 
and then were replaced by a mass of fibrin containing many polymorphonuclear 
leukocytes, bacilli and necrotic debris. The necrosis extended into the myocardium 
with the formation of an abscess. The muscle fibers around this area were necrotic 
and disintegrated. A methylene blue (methjdthionine chloride, U. S. P.) section 
showed the presence of many bacilli. 

The entire aortic' valve leaflet taken for microscopic study was necrotic. The 
surface was covered with vegetations containing large masses of bacteria, poly- 
morphonuclear leukocytes and nuclear debris. The micro-organism was found 
to be a gram-negative bacillus. 

The aorta showed the changes of moderate arteriosclerosis. 

The sections of the lungs were normal. 

The liver was normal in structure. The portal areas were cellular and con- 
tained polymorphonuclears. The sinuses were congested. In many areas masses 
of bacteria were also present. Many polymorphonuclear leukocytes were found, 
which were most numerous in the periportal fields. 

The gallbladder was thick-walled. The submucous layer was congested and 
infiltrated by plasma cells. 

In the pancreas, pol 3 'morphonuclear leukocytes were increased in numbers in a 
few areas where the acini were shrunken or disintegrated. 

The lipoid material in the suprarenal gland was diminished. Bacterial plugs 
were found in several blood vessels. 

Several sections of the kidnej' showed abscess cavities of var 3 dng size in the 
cortex and medulla. Areas of round cell infiltration were present. Bacterial 
plugs were found in sev^eral glomerular tufts. 

The acini of the prostate contained desquamated cells and debris. In a few, 
necrotic material and polymorphonuclear leukocytes were found. The stroma 



SOCIETY TRANSACTIONS 


675 


was infiltrated with round cells. In another section several abscesses were found. 
Dense round cell and plasma cell infiltrations were present in the stroma. Many 
bacilli were present in the sections stained with methylene blue. 

The tubules of the testes had thickened basement membranes. Several blood 
vessels were present, with the walls and surrounding tissue infiltrated with poly- 
morphonuclear leukocytes, round cells and plasma cells. 

Several sections of the cerebrum were examined. In one localized area, the 
meninges were infiltrated by many pob'inorphonuclears and round cells. Bacterial 
plugs occluded several blood vessels in the substance of the brain. About these 
vessels were polymorphonuclears and round cells, which for the most part were 
sharply perivascular ; in only one area in the cerebrum was the brain itself involved. 

Anatomic Diagnosis . — The anatomic diagnosis was : chronic and acute prostatitis 
with abscess ; external urethrotomy, with perineal incision and drainage of the 
prostatic abscess ; cystitis cystica ; acute bacterial endocarditis (B. acidi-lactici) 
of the aortic valve, with extension to the mitral and tricuspid valves; bacteremia 
(B. acidi-lactici), with metastases in the myocardium, pancreas, liver, kidneys, 
testes, brain and leptomeninges ; acute splenic tumor ; chronic cholecystitis, and 
cholelithiasis. 

Comment . — The original focus of infection in this case was most probably the 
prostate gland. The portal of entry in most cases of sepsis due to B. coli is the 
urinary tract. Invasion of the blood follows cystoscopy or surgical trauma. This 
patient showed no signs of involvement of the heart when he entered the hospital. 
Following the operation there was invasion of the blood with localization of bacilli 
on the aortic valve leaflets. 


DISCUSSION 

George Cahill (by invitation) : This patient had an abscess that localized 
back of the right side of the prostate. Two years previously he had had a mas- 
toiditis requiring two radical operations within three weeks. I had a suspicion 
that the prostatic abscess was secondary to the mastoiditis, because two years ago 
a similar case was seen in which, on opening and draining, Friedlander’s pneumo- 
bacillus was present in the pus and blood stream, as proved on culture. The patient 
proved clinically to have a “feeder” in the right jugular vein. At first cultures 
in the present case showed a gram-negative bacillus with a capsule, and naturally 
it was suspected of being a pneumobacillus. The bacteriologic department, 
however, on culture showed that the infecting organism was B. acidi-lactici. How- 
ever, clinically, I still think that the prostatic abscess was metastatic. Although 
no blood culture was taken before the operation, on reviewing the case, I con- 
sidered that the patient then must have had bacteria. The abscesses in the 
kidneys were without any local symptoms. This is a common observation in 
genito-urinary cases. I hoped that the mastoid might show some infection, 
because the x-raj" film showed some cells still in the mastoid, but clinically it 
was silent. This, in view of the former case, was an interesting point, because 
from a history obtained from the family later on, the illness apparently had started 
several weeks before the patient admitted that he was ill. 

Bartonella Muris Anemia : IV. Pathologic Changes During the Acute 
Anemia. David Perla and (by invitation) J. Marmorston-Gottesman. 

The pathologic changes that follow a severe infection with Bartonella muris 
and the associated anemia in the adult or j^oung albino rat are : first, the changes 
that are stimulated by the release of large quantities of cellular debris into the 
circulating blood, phagocytic activity and h3"perplasia of the endothelial elements 
of the liver, thymus and lymph nodes, and in the young rat, of the spleen, with 
resultant capillary thromboses and focal necroses; second, those changes resulting 
from the anemia: fatty metamorphosis of the heart, liver and kidneys. A third 
element is a severe nephrosis, with, in some instances, a degenerative process in the 
glomeruli. In the bone marrow, hyperplasia of the erythropoietic elements occurs. 
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Bartonella Muris Anemia: V. Compensatory Phenomena Following 
Splenectomy in the Adult Albino Rat. J. Marmorston-Gottesman 
( by invitation) and David Perla. 

In Bartonella muris carrier stock following splenectomy and recovery from 
the anemia, certain changes are observed in the lymphoblastic and reticular and 
endothelial elements of the body. These changes appear from three to five months 
after splenectomy and are associated with immunity to further infection with 
Bartonella muris. The changes consist primarily of hyperplasia of the hemolymph 
tissue, hyperplasia of the reticular and endothelial elements of the lymph nodes, the 
formation of lymphoblastic foci periportally in the liver and peribronchially and 
perivascularly in the lung, regeneration of all elements of the thymus and marked 
hyperplasia of all elements of the bone marrow (increased hematopoiesis). 


COMMENT 

Mendel Jacobi. In the experimental production of amyloid in mice on which 
we reported at the meeting of another society, the lesions we found preceding the 
development of adult amyloid resembled almost identically those which Dr. 
Gottesman presented. I should like to ask if in their rats there was any suggestion, 
either grossly or histologicalh", that might lead them to suspect that they had 
some amyloid. 

David Perla : There was not a trace of amyloid ; nothing to suggest it grossly 
or microscopically. 

Mendel Jacobi: Have you used the congo red specific stain for amyloid? 

David Perla : No, there was no suggestion of amyloid. 

Mendel Jacobi : We have found that, even when there was no gross or 
microscopic suggestion of amyloid, with the specific stain for it, it could be 
demonstrated. 

David Perla : Where would 3’ou suggest that we look for it ? 

Mendel Jacobi : In the reticulo-endothelial cells. 

David Perla : I personalh’’ should not place much confidence in such a 
finding, and I should be dubious if we could prove by a specific stain that there 
was amjdoid deposited in the cells, when there was no gross or microscopic 
evidence of it. 


Regular Electing, May 28, 1931 
Leila Charlton Knox, President, in the Chair 

A Case of Foreign Body in the Orbit. Reuben Goodman. 

The cases reported in the literature may be divided into two groups: (1) cases 
of long duration, including (a) those unaccompanied b}’^ discomfort or symptoms, 
(h) those presenting symptoms after a variable period and in which removal of the 
foreign body gives satisfactorj' results, and (c) those in which removal is followed 
by unsatisfactory results ; (2) cases of short duration, including (a) those without 
ill effects and (h) those with ill effects. The following case is presented because 
of the interesting history and unfortunate outcome. 

A boy, aged 2, was admitted, on March 18, 1931, to the Jewish Hospital of 
Brookljm with a historj’ of a fever of 104 F., and prostration for two days. The 
familj' and past histories were irrelevant. One week previous^, the patient acci- 
dentallj’ lacerated his left upper ej'eh’d with a sharpened end of a lead pencil. He 
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was taken to a hospital, where the wound was sutured with one stitch, and he 
was given two injections of tetanus antitoxin. He was apparently well until three 
days before admission ; then he became irritable and listless. The temperature rose 
to 102 F. The day before admission, he vomited several times. The vomiting was 
projectile. He rolled his head and eyes from side to side, resented being touched, 
and would “shiver” all over, as though convulsed, on being handled. On the morn- 
ing of admission the child became comatose, and the temperature rose to 105 F. 

Physical examination showed the child to be well developed and well nourished, 
acutely ill and comatose. There was proptosis of the left eye. The jaws were held 
clenched, but could be opened. The patient ground his teeth frequently and was 
foaming at the mouth. The skin, lymphatic S 3 ^stem and head were normal. Both 
eyes were somewhat chemotic; the blood vessels were full. Both eyes were fixed, 
and there was an optic neuritis bilateralljq more marked on the left. The disks 
were swollen and their outlines blurred. The A'eins were full and interrupted. The 
nose and ears were normal. The tongue was swollen from biting. The pharyn.x 
was markedly injected. The neck was slightly rigid. The chest, heart and lungs 
were normal. The abdomen was distended. The extremities showed spasticity, 
more marked on the right. The deep reflexes were hyperactive, more so on the 
right. Abdominal reflexes were not elicited. The Babinski sign was positive 
bilaterally. 

The blood count showed 29,600 leukocj'tes, of which 75 per cent were poly- 
morphonuclears, 22 per cent h'mphoo'tes and 3 per cent mononuclears. 

The spinal fluid was removed under slightly increased pressure ; it was slightly 
cloudy and contained 200 cells per cubic millimeter, 85 per cent of which were 
lymphocytes. Gram-positive diplococci were seen on direct smear. The globulin 
was -f— h, and Fehling’s solution was reduced. 

The spinal fluid removed four hours later contained 4,900,000 cells per cubic 
millimeter, 90 per cent being polymorphonuclears. 

. The patient did not respond to treatment, but died on the day of admission. The 
clinical impression was that of cavernous sinus thrombosis, left orbital cellulitis, 
meningitis and acute pharyngitis. 

Postmortem examination showed that the left ej'eball was normal. On 
removing the calvarium, the epidural surface was normal. The meningeal vessels 
were congested. The brain was edematous. The subarachnoid of the anterior 
and inferior surface of the left temporal lobe contained thick, yellow-green, creamy 
pus in a tract about 4 cm. wide. This could be traced to the cerebral surface 
of the frontal lobe, where there was a large collection of pus. On the adjacent right 
hemisphere, a similar but less abundant exudate was seen. In the center of the 
inferior surface of the left frontal lobe was a mass of granulation tissue about 
1 cm. in diameter, from which thick, yellow-graj’- pus exuded on pressure. No 
pus was found at the base of the brain. On the orbital plate of the left frontal 
bone, immediately beneath the granulation tissue described, was a defect about 
5 mm. in diameter, surrounded by a few fragments of bone, the result of per- 
foration. The dura mater covering this area was congested, and on its superior 
surface there was about 2 cc. of thick, gra 3 '-yellow pus. On removal of the 
dura, pus could be expressed through the orbital opening by pressure on the 
eyeball. Immediately beneath the perforation, in the orbital fat, was a small 
abscess containing fluid pus ; lodged just beneath the fracture were fragments of 
pencil and a piece of lead. 

DISCUSSION 

Max Lederer : There are some points to be emphasized here. First, only a 
very close examination of the left e 3 'elid disclosed a scar. Apparently the wound 
had healed by primary union, and there was certainly no infection of the tissues 
of the eyelid. Second, the specimen being shown does not represent the actual 
picture, because in tr 3 dng to fix the end of the pencil in the soft tissues, the 
fragments of bone were dislodged and lost. Where' there is now a hole in the 
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orbital plate, that place was occupied bj’- fragments of the bone. Third, from a 
practical standpoint. Dr. Goodman did not mention that there was a laceration 
of the inferior surface of the frontal lobe, where the point of the pencil had 
lacerated the brain tissue as well, which later became the site of the superficial 
abscess. 

This case also emphasizes the necessity in all these instances of making a 
roentgen examination of the skull or orbit. The patient was first seen in the 
hospital to which he had immediately been taken; the wound was then sutured 
and the child discharged, with the sequelae that have been demonstrated. 

Osteogenic Sarcoma-Like Tumor of the Metacarpal Bone. Henry L. 

Jaffe and (b}'’ invitation) Leo Mayer. 

A tumor of the fourth metacarpal bone was described. It began when the 
patient, a girl, was 12 years of age. After growing slowly for almost three 
years, it began to grow rapidly. The tumor mass was removed ; it measured 10 
by 6.5 by 6 cm. Only the articular head of the metacarpal remained. The tumor 
was of such consistency that it could be cut with a knife, but it was quite granular 
and firm. Histologically it showed a marked production of osteoid tissue and also 
the formation of trabeculae of normal, new-formed bone. The osteoid tissue arose 
from cells that had many of the features of osteoblasts. The tumor has not 
recurred one and a half years after operation, though the histologic appearance 
suggests on casual examination 'the diagnosis of osteogenic sarcoma. It is believ^ed 
that this tumor is an osteoblastic, osteoid-forming tumor of slow growth, and 
that the prognosis is good. It is therefore related to the o'steoid chondroma of 
Virchow. 

DISCUSSION 

Paul Klemperer : This is a verj’’ unusual type of tumor and has many 
interesting points. I should like to sa}' that I admire the courage of Dr. Jaffe, 
for calling this tumor from the very first nonmalignant. I think that most of us 
would have made the diagnosis of a malignant osteogenic sarcoma. If I under- 
stood Dr. Jaffe correctly, there was one point that caused him to consider this 
tumor nonmalignant, from the histologic aspect, and that was the presence of the 
osteoblasts. I think one is struck by the uniformity of the cell type, which 
coincides ver}' well with the osteoblasts of the normal bone, and this may be then 
actually a differential point that might help in future cases to give a better- 
prognosis than one would if one should call this tumor an osteogenic sarcoma. That 
it is an osteogenic tumor I think Dr. Jaffe does not doubt. It originates in the 
mesenchyme of the bone, and this cellular structure and intercellular substance are 
found only in bone. 

The question arises whether tumors of the osseous mesenchyme, which have 
such a definite maturation, like the production of osteoblasts, are less malignant 
than other tumors. Some years ago I saw a tumor in certain respects similar to 
this, in which the cell type was such that I could only identify it with the osteo- 
blasts, and here also the uniformitj’- of the cell type was very striking. In this case 
it was not a tumor of a short bone, but of the humerus. The end-result was 
similar to that in this case. It occurred in a boy of IS years, who three and 
a half years ago was operated on because of the tumor in the head of the 
humerus. Only the tumor was resected. No radical operation was performed, 
the tumor being excised with a wide margin. The histologic picture was that 
of a very cellular tumor with one cell tj'pe predominating. This patient is today 
in perfect health and has no metastases. 

Can Dr. Jaffe tell us how long one can expect metastases from an osteogenic 
sarcoma after removal of the tumor — whether there is sometimes a ver}' long 
latent period or not? As far as I recall, I think usually the period is short, and 
that metastases appear very shortly after the onset of the disease. In this case 
of four j-ears’ duration, is it correct to assume that no metastases will occur? 
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Furthermore, I would like to know whether what we used to call osteoid 
sarcoma might not be the same type of tumor. I believe that osteoid sarcoma was 
generally considered not as malignant as osteochondrosarcoma, so this question 
has to be asked in order to classif}'^ this tumor properly. It might be identical with 
the osteoid sarcoma of old and remarkable mainly on account of its peculiar 
localization. 

Francis Carter W ood : I have seen a tumor of the antrum which in some 
ways resembled rvhat Dr. Jaffe has shown. It was submitted to the members of 
the Codman Committee, most of whom believed it benign. The growth filled the 
antrum and was resected as a sarcoma. I made the diagnosis of sarcoma, but the 
patient is still well. 

Henry L. Jaffe (closing) : I am of the same opinion concerning osteogenic 
sarcoma as Dr. Klemperer — that it generally metastasizes quickly; four and a 
half years is a long time. I think that we may now expect this girl to make a 
complete recovery. 

I am not certain that I know definitel}' what the osteoid sarcoma of Virchow 
is. It is difficult to decide from what is described in the old literature. These 
tumors are described as containing cartilage, and others describe lesions resembling 
periostitis. I have had specimens of osteoperiostitis sent in suspected of being 
Virchow’s osteoid tumor, which of course they are not. 

I believe that the thing of practical importance in connection with osteoblastic 
tumors of the hands and feet is the question of amputation. I am not considering 
bones such as the os calcis. I have been unable to find in the literature cases that 
have been followed for any period of time. Aside from the two cases described by 
Bergstrand, Handl described two cases in 1906. These were reported shortly 
after removal of the tumors, and his report is not accompanied by photographs or 
drawings, and this makes it difficult to judge independently what he was dealing 
with. Buffalini, some years later, described a tumor that seems to have arisen 
from a metacarpal bone. This was possibly of the mixed cell type, but it was 
also described very shortly after removal. 


Heredity of the Agglutinogens M and N of Landsteiner and Levine, 

WITH Particular Reference to the Determination of Paternity. 

Alexander S. Wiener and Max Lederer. 

By means of immune rabbit agglutinins, Landsteiner and Levine have demon- 
strated the existence in human red blood cells of several agglutinogens, designated 
by them as M, N and P, that are independent of the agglutinogens A and B, and 
have succeeded in dividing all human blood into at least thirty-six distinct types. 
Of the newer agglutinogens, Landsteiner and Levine studied the two agglutinogens 
M and N in greater detail, and these agglutinogens are the subject of this paper. 

Landsteiner and Levine have demonstrated that the agglutinogens M and N are 
inherited as mendelian dominants and have also proposed a theory according to 
which the inheritance of these agglutinogens depends on a single pair of allelo- 
morphic genes, M and N, located in a certain pair of chromosomes. Any person 
could therefore have in that pair of chromosomes any one of the following com- 
binations of genes : MM, MN or NN. And, corresponding to the genotypes, 
MM, MN and NN, we have three phenotypes, termed by Landsteiner and 
Levine M -f N — , M -f- N -f and M — N -k, respectively. The theory, therefore, 
accounts for the nonexistence of the type M — N — . On the basis of this theory, 
the expected values for the types of offspring are : from cross M -f N -f by 
M -f- N -f , M -k N -f SO per cent, M -k N — 25 per cent and M — N -k 25 per 
cent ; from cross M -k N + by M — N -k, M -k N -k 50 i>er cent and M — N -k 
50 per cent ; from cross M -k N + by M -k N — , M J- N -k 50 per cent and 
M -k N — 50 per cent ; from cross M -k N — by M — N M -k N -k 100 per 
cent; from cross M -k N — by M -k N — , M -k N — 100 per cent, and from cross 
M — N -k by M — N -k, M — N -k 100 per cent. 
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The results of a study of 131 families with 642 children are shown in table 1. 
Two apparent exceptions to the theory of Landsteiner and Levine were found. In 
one family, the father and mother were both of type M + N — , but one of the 
children was of type M + N +• In another family, the father belonged to type 
iVI — N +, the mother to type M -(- N +, and one of the children to type M + N — . 
In both cases there is a possibility of illegitimacy, however, especially in con- 
sidering the fact that as many as 642 children were examined in this study. 

The same families that were examined for M and N were also examined for 
the heredity of the agglutinogens A and B. There was one apparent exception 



Ross-Jagofsky-Shapiro family. 


Table 1. — Heredity of Agglutinogens M and N of Landsteiner and Levine 





Children of Ti’pes 


Typos of Parents 

Pamilies 

' 31+ X+ 

31+ N— 

31— N+ 

Totals 

N+ X M+ N+ 

25 

58 

29 

29 

lie 

31+ N+ X M— N+ 

36 

83 

1* 

92 

17G 

M+ N+ X M+ N— 

43 

119 

97 

0 

216 

.31+ K— X M— N+ 

10 

46 

0 

0 

46 

31+ N— X 31+ N— 

14 

1* 

GS 

0 

69 

31— 3r+ X 31— N+ 

O 

0 

0 

19 

19 

Totals 

131 

30/ 

195 

140 

642 


^ A question of illegitiinacy arises here. 


to the Bernstein theory of heredity of the Landsteiner blood groups, namely, a 
family in which the father belonged to group AB, the mother to group B and 
one of the children to group O. Since the exception here is on the paternal side, 
the possibility of illegitimacy cannot be excluded. Our study, therefore, produced 
additional evidence in favor of the Bernstein theory. 

One of the families examined was studied into the third generation. The 
result of this study is shown in the accompanying diagram. The family consisted 
of 22 persons living in one large three-family house. The remarkable observation 

was that of these 22 persons living in one house, 19 were of type A -j and 

three of type O 4 . Thus, of 22 persons, 19 belonged to one type and 3 to 
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another. Furthermore, von Dungern and Hirzfeld in 1910 demonstrated the 
existence of two different subgroups of group A cells, which have been designated 
as Ai and A; bj-^ Landsteiner and Levine, of which Ai is the more frequent sub- 
group. The 19 group A persons in the Ross-Jagofslcy-Shapiro family belonged 
to subgroup Ai. 

The results of this study, with the results published by Landsteiner and Levine, 
and by Schiff, indicate, as has already been pointed out by Landsteiner and 
Levine, that the agglutinogens M and N can be used medicolegally for the 
determination of nonpaternity, as is shown in table 2. 

It is of interest to know how frequently nonpaternity can be proved when the 
putative father is not the true father. It has been calculated that in one sixth 
of such cases, nonpaternity can be proved b 3 ’- means of agglutinogens M and N 
alone. This is equal to the chances of proving nonpaternity by means of aggluti- 
nogens A and B, so that the discover}' of Landsteiner and Levine has doubled the 
number of cases of questioned paternity that can be solved. 


Table 2. — Heredity of the Agglutinogens of M and N of Landsteiner and Levine 


Tj-pes of Parents 

Tj’pes of Children 

Possible 

Types of Children 

Not Possible 

31+ N+ X 31+ N+ 

31+ N+ X 31— N+ 

31+ N+, 31+ N— , 31— N+ 

31+ X+. 31- X+ 

31+ N— 

31+ N+ X 3f+ N— 

N+, jM4- N — 

31— N+ 

31+ N— X 31— N+ 

31+ N+ 

31+ N— , 31— N+ 

31+ N— X 31+ N— 

31+ N— 

3f+ N+, 31— N+ 

31— N+ X 31— N+ 

31— N+ 

31+ N+, 31+ N— 


The new-found agglutinogens can also be used in cases in which new-born 
infants have been accidentally interchanged, as happened in a recent case in 
Chicago. Full}' two thirds of such cases can be solved by the combined use of 
the agglutinogens A, B, M and N. 

DISCUSSION 

Max Lederer: I should like to emphasize, as I did about a year ago, the 
medicolegal importance of this work, which apparently has not been recognized 
in this country. In Germany, Norwaj', Switzerland and Denmark this method 
of testing has been accepted in the courts in cases in which there exists illegitimacy, 
and the courts have made it mandatory that these tests shall be done before the 
trial takes place, the reasons being twofold: first, it saves the government the 
expense of conducting a trial, and second, it prevents perjury. The latest 
statistics on the subject that I have been able to collect show that now there 
have been tests in 5,512 cases in the German courts with the old grouping method, 
but not with the M and N method, and in about 448 cases it was shown definitely 
that the accused person could not be the father of the child. That is quite a 
large number of cases, and certainly testifies to the importance of the method. 

In a recent case, the question was put to Dr. Wiener, whether the husband 
or a second man was the father of a child. As both men belonged to group A, 
the Landsteiner blood groups did not help solve the problem. By examination of 
the bloods for M and N factors of the mother, the child and the two men, the 
second man could be excluded as father of the child, and the legitimacy of the 
child was thus established. 

There was also an application of this test in cases of murder. I need not 
go over the details here. It is indeed surprising that this country, progressive 
as it is in medical work, should so far have done nothing to apply these tests 
medicolegall}'. The A and B method alone has been used in a few instances, as 
m the Chicago case. However, there are any number of cases that occur in 
large cities, in which it is necessary for the corporation counsel to obtain all the 
information possible in order to decide whether a given man is the father of a 
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child or not, and if one takes into consideration the saving of the expense of the 
numerous trials that take place for this purpose, it certainly seems worth while 
to incorporate this test into our medicolegal procedures. 

SiLiK H. PoLAYES : From the point of view of transfusions, although there 
are no normal agglutinins for the agglutinogens M and N, it is possible that the 
same thing that happens in rabbit’s blood may happen in human blood, if the 
recipient who does not possess these agglutinogens receives blood from a person 
whose blood contains either of them. In other words, the first transfusion may 
stimulate the production of agglutinins specific to agglutinogens M and N, so 
that on subsequent transfusions it seems possible for a reaction to occur between 
the newly developed agglutinins and the foreign agglutinogens M and N. 

Alexander S. Wiener (closing the discussion) : I might add that there are 
two subgroups of A, namely, Ai and Aj, and in addition the agglutinogen P which 
I mentioned. The heredity of these agglutinogens has also been studied; they are 
definitely inherited, but because of the technical difficulty in testing for these sub- 
stances, the heredity is not perfectly worked out j^et, and the time is not ripe for 
their medicolegal application. The possibility remains that by the immunization 
of animals besides rabbits with human blood, more and more agglutinogens may 
be discovered as time goes on, so that the percentage of cases of nonpaternity 
proved without the aid of any evidence but the examination of the bloods, instead 
of being 33, may be increased to 50 or 75, or perhaps at some time to the ideal 
of 100 per cent. Furthermore, with just the agglutinogens that I have mentioned, 
namely. At, As, B, M, N and P, we can distinguish thirty-six different types of 
human blood. Therefore, in a medicolegal case, in which a question of the identifi- 
cation of a blood stain arises, when the blood stain might belong to one of two 
persons, the chances of the two persons belonging to the same one of the thirty- 
six types are very small, so that the chances of identifying blood stains in such 
cases are good. 

Lesions of the Brain in Influenza. Irving J. Sands (by invitation). 

Nervous and mental complications are quite common in influenza. They are 
essentially due to changes occurring in the nervous system. The brain changes 
in the 1889-1891 epidemic have been described in the literature as “hemorrhagic 
encephalitis.” The epidemic of 1917-1919 was so intimately associated with 
epidemic encephalitis that all the lesions of the brain occurring in that epidemic 
of influenza have been described under the heading of epidemic encephalitis. Four 
cases occurring in the recent epidemic of influenza have been examined post mortem 
at the Jewish Hospital of Brooklyn and studied anatomically. There is no doubt 
of their being cases of influenza. 

Grossly, the brains appeared reddened and congested, and the veins were 
distended with blood. There were numerous small punctate pial hemorrhages 
present. The dura apparently was normal. The pia was congested and showed 
infiltration with lymphocytes, plasma cells and a few polymorphonuclear cells. 
The pial vessels were engorged with blood. The nerve cells showed marked cloudy 
swelling, chromatob'sis, satellitosis and neuronophagia. There were numerous 
areas where there was a great loss of nerve cells, and the latter were replaced with 
glia cells. The blood vessels showed inflammatory changes, the Virchow-Robin 
spaces being filled with lymphocytes and plasma cells. There were numerous 
areas where there w'as considerable blood around these vessels. The changes 
were most marked in the region of the third ventricle and in the corpus striatum. 
In one case there was an extensive subarachnoid hemorrhage, caused apparently 
by a massive cerebral hemorrhage. The changes were also found in the white 
matter. In one case, the chief seat of pathologic alteration was in the medulla. 

Case 1 was that of a girl of 14 months, who became ill with a cough and 
running nose, and two days later was admitted to the hospital. She was cyanotic 
and dyspneic and appeared toxic. She showed signs of congestion in the base 
of the left lung and leukopenia. Death occurred three hours after admission. 
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Postmortem examination showed the characteristic red and congested condition 
of the pharynx, larynx, trachea and bronchi. The lungs showed hemorrhagic 
areas, and there was considerable hemorrhage in the alveoli. A purulent process 
was found in the bronchi. There were numerous abscesses in the lungs. There 
were petechial hemorrhages in the kidneys. The brain showed the changes 
described. 

Case 2 was that of a man complaining of abdominal pain on admission to the 
hospital. He showed general arteriosclerosis and an icteric tinge to the skin. 
He lapsed into coma and died a day after admission. Postmortem examination 
showed the reddened condition of the respiratory tract and the hemorrhagic con- 
dition in the lungs. Coronary sclerosis, chronic cholelithiasis and myofibrosis cordis 
were found. The brain showed the changes described, and there was a moderate 
subarachnoid hemorrhage over the parietal lobe. 

In case 3, a high temperature and respiratory difficulty suddenly developed 
in a girl of 4 months. On admission to the hospital, she had tvvo general convul- 
sions. There was dulness at the bases of both lungs. Death occurred two days 
after the onset of the illness. Postmortem examination again showed the typical 
changes in the larjmx, pharynx, trachea and bronchi. The lungs showed edema 
and congestion, and hemorrhagic exudate in the alveoli. The brain showed the 
changes described. There was a large subdural clot in the left middle fossa. 

Case 4 was that of a 48 3 'ear old woman, who had nursed four members of 
her family in influenza. She suddenly complained of weakness and headache. 
The following day she went to bed and became drowsy. The next day she showed 
marked rigidity of the neck, depressed deep reflexes, slow pulse and a temperature 
of 101 F. The diagnosis of subarachnoid hemorrhage was made, and on admission 
to the hospital a bloody spinal fluid confirmed the diagnosis. She lapsed into 
deep coma and died two hours after admission. Postmortem examination dis- 
closed a congested, hemorrhagic condition of the trachea, bronchi and lungs. 
There was marked subarachnoid hemorrhage, covering the entire right hemisphere, 
more marked at the anterior two-thirds, and there was a similar, though lesser, 
hemorrhage on the left side. The great cisterns were filled with blood. There 
was a massive cerebral hemorrhage, measuring 3 by 4 by 5 cm., in the left frontal 
lobe, which communicated with the subarachnoid space, but which did not com- 
municate with the ventricles. The rest of the brain showed the changes described. 

The cause of influenza is unknown. There are many who believe that the 
Pfeiffer bacillus is responsible. There are others who maintain that it has nothing 
to do with influenza. The cause of epidemic encephalitis is unknown. Manj' 
maintain that it is caused by a filtrable virus; some claim that it is due to a 
streptococcus, and many believe that it is caused by a toxin the organisms pro- 
ducing which are situated in some other part of the bodj\ Manj’- are convinced 
that there is a close relationship between influenza and epidemic encephalitis. 
There is a group of observers who believe that it is caused by the same noxious 
agent. The relationship between epidemic encephalitis and influenza is still a 
subject of great controversy and speculation. 

DISCUSSION 

Max Lederer : One of the most difficult things in evaluating the information 
obtained is the primary diagnosis. Are we dealing with influenza or not? This 
difficult}' of diagnosis was very well emphasized during the recent epidemic of 
influenza. There are those of us who have had the fortunate experience (from 
our standpoint) of performing autopsies in quite a number of cases of influenza 
during the epidemic of 1918-1919, and we were thoroughly impressed with the 
pictures those cases presented, and those who have not seen material of that type 
are skeptical as to whether we are dealing with the same condition now. In the 
beginning of this last epidemic I began to watch for these cases; we performed 
autopsies in about fourteen, in all of which was shown the one outstanding sign 
on which I place a great deal of importance, namely, the intense reddening of 
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the trachea and the bronchi, and perhaps the larynx as well, with ulceration and 
hemorrhage, occasionally accompanied by a dark green, shaggy membrane. Of 
course, the other respiratory lesions that occurred were not so constant, and I 
suspect that they were not so constant because of the superimposed processes 
that occurred, such as empyematous abscesses due to staphylococci particularly, 
and in some instances in which the lesion in the upper part of the lung was 
relatively mild the patients died of something else, or as in this one case, of a 
hemorrhage in the brain. In this case Dr. Sands told the story as it occurred 
as far as the patient was concerned from the standpoint of the history of the 
disease, but not from that of the diagnosis. The latter was made at the autopsy 
table, and Dr. Sands went back and obtained the story later on, that the patient had 
been nursing patients with influenza. We originally suspected that she had been 
suffering from a fracture of the skull, which made it a medical examiner’s case. 

After we had seen these fourteen or fifteen cases, I had my colleagues observe 
the pulmonary cases from a different point of view, and we were able to point 
out regularly, after the epidemic was over, that there was no reddening of the 
trachea, or very little, and I was able to convince most of my colleagues that 
the earlier cases belonged to the influenza group. They are being studied now 
for further report. 

The lesions of the brain are of great interest, and Dr. Sands brings up the 
important point of the relationship of encephalitis to influenza, which is very 
suggestive, since after the 1918 epidemic of influenza the epidemic of encephalitis 
followed so promptl}'. 

Max Trubek : Was the possibilitj’- of traumatic cerebral hemorrhage thought 
of to explain the lesions in the last case? The multiple punctate cerebral hemor- 
rhages appear not unlike those sometimes occurring after cranial injurj^, often 
without fracture of the skull. This probability came to mind even before the 
discussion showed that the fall with possible fracture of the skull was considered 
as a cause of death, before the autopsy. 

Irving Sands (closing the discussion) : The picture is entirely different. 
We find multiple punctate hemorrhages in traumatic encephalopathies, but we do 
not find any inflammatory areas around the capillaries. We do not see lymphocytic 
or plasma cell infiltration. That is the outstanding difference. Moreover, there 
are not found the typical toxic changes in the nerve cells. 
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The Renal Lesion in Bright’s Disease. Thomas Addis, Professor of 
Medicine, Stanford University Medical School, San Francisco, and Jean 
OLiiiHR, Professor of Pathology, The Long Island College of Medicine, 
Brooklyn; Formerly Professor of Pathology, Stanford University, San 
Francisco. Cloth. Price, $16 net. Pp. 650, with 160 full page illustrations, 
21 text illustrations and a large folding table. New York: Paul B. Hoeber, 
Inc., 1931. 

This elaborate monograph presents in detail the results of a thorough, well 
considered study, extending over many years under the same general conditions, 
of the correlation between certain clinical phenomena and the anatomic changes 
in the kidneys in Bright’s disease. As indicated by the title, only the renal lesions 
of Bright’s disease are considered. By Bright’s disease tlie authors mean bilateral, 
nonsuppurative renal disease associated with proteinuria. Their immediate 
problem was to determine tlie relations between the changes in the urine and 
the structural changes in the kidneys. Following the introductory chapter are 
three chapters dealing with the clinical methods used in the investigation, clinical 
definitions and a clinical classification. Probably never before has the urine of 
a series of cases of Bright’s disease been studied so fully and in such detail with 
standardized quantitative methods as in this investigation. The next two chapters 
describe the methods and definitions employed in the study of the kidneys. 
Chapter 7, by far the longest, discusses the results of the clinical and anatomic 
observations of seventy-two cases of Bright’s disease by the methods described. 
Two large photomicrographs, X 25 and X 125, illustrate the renal lesion in each 
case. A folding chart in a pocket on the inside of the first cover page gives a 
summary of the results in each case. Then follow chapters on comparison and 
correlation of the results of the clinical and structural observations, on the 
theoretical description of the course and sequence of the morbid ' processes in 
Bright’s disease and on a classification and theory of Bright’s disease. On the 
basis of correspondence between the urinary changes and the structural changes 
in the kidneys, the following classification of Bright’s disease is set up : hemor- 
rhagic, degenerative and arteriosclerotic. These terms are regarded now as 
self-explanatory. Generally speaking, these forms of Bright’s disease can be recog- 
nized clinically by the results of proper examination of the urine. One is 
impressed with the complete grasp of the problems involved and with the thorough- 
ness and objectiveness of the observations and the soundness of the interpretations. 

The illustrations are excellent. The book is printed on heavy paper with wide 
spacing. It weighs more than 2,700 Gm. (6 pounds -|-), and the question as to 
whether this is the best form of book for the purpose comes up. “Fitness to its 
subject is the first qualitj”^ of a wellmade book.’’ However this question may be 
answered, the great scientific value of the contents recorded will not be affected. 
What next of Bright’s disease? Experiment. “The correlation of function and 
anatomical structure which has not been touched on in this discussion at all, and 
which is the basic and all important part of the problem, is still a complete 
myster 3 ^ It is by experimentation, under controlled and simplified conditions, 
that this ultimate phase must be attacked. And it is from such endeavor . 
that a more satisfactory theory and classification of Bright’s disease will eventually 
evolve.” 

Text-Book of Pathology. By Robert Muir, M.A., M.D., Sc.D., LL.D., 
F.R.S., Professor of Pathology, University of Glasgow, Pathologist of the 
Western Infirmary, Glasgow. Second edition. Price, $14. Pp. 872, with 501 
illustrations. New York: Longmans, Green & Company, 1931. 

This is the second revised edition of a textbook that first appeared in 1924. 
The value of the work is attested by the six printings through which the first 
edition has since gone. In the one volume, general and systemic pathology are 
discussed, but, as the author states in the preface to the first edition, these terms 
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are not used as it seemed inadvisable in a book of this nature to draw any sharp 
distinctions. The chapter on inflammation is especially clear and lucid, and it is 
well illustrated with many excellent reproductions. It is interesting that in classify- 
ing tumors, the groups histioma and cytoma, rather unusual terms in the American 
literature, are frequently used. In the chapter dealing with the brain, one finds 
its tumors classified as fibro-endotheliomas or meningiomas, neurofibromas and 
gliomas. Although the terms ganglioma and neuro-epithelioma are mentioned, no 
subdivision of the tumors of the glioma group is given. However, in an earlier 
general chapter on tumor, there is a discussion of the various tumors of the glioma 
group. The presentation of electrocardiographic tracings in the chapter on the 
heart conveys to the student the conception of applied cardiac pathology. This 
discussion is somewhat more detailed and broader in scope than that usually found 
in textbooks of pathology. Fibrosis of the myocardium and inflammatory changes 
are strictly differentiated. It is interesting to note that syphilis, with the exception 
of gummatous lesions, is classified among the fibroses and not as an inflammation. 
In many instances throughout the book reference is made to the disturbances of 
function as well as to the morphologic changes in the various pathologic states. 

There are 501 illustrations. The histologic pictures, in general, are excellent; 
but some of the gross pictures are not as clear and instructive as might be desired. 
Only ver}'^ few references are given that refer to larger contributions on the 
respective subjects. In summarizing, the book is not onlj^ a valuable aid for the 
medical student but also for the pathologist, who will find in it a great deal of 
information concerning modern nomenclature and conceptions of disease. 

A Text-Book of Pathology. By Francis Delafield, M.D., LL.D., Some- 
time Professor of the Practice of Medicine, College of Physicians and 
Surgeons, Columbia University, New York, and T. Mitchell Prudden, 
M.D., LL.D., Sometime Professor of Pathology, College of Phj^sicians and 
Surgeons, Columbia University, New York. Fifteenth edition. Revised by 
Francis. Carter Wood, M.D., Director of the Pathological Department, 
St. Luke’s Hospital, New York; Director of the Institute of Cancer Research, 
Columbia University, New York. Price, $10 net. Pp. 1,339, with 20 full- 
page plates and 830 illustrations in black and in colors. New York: William 
Wood & Company, 1931. 

A brief history of this book is given in connection with the notice of the 
thirteenth edition (Arch. Path. 1:496, 1926). The first edition was published in 
1872 as a “Hand-Book of Postmortem Examination and Alorbid Anatomy,” by 
Francis Delafield. Hence the book is about to complete the unique record of fifty 
years of usefulness. At least since 1901, its avowed purpose has been to meet 
the need of medical students and ph}'sicians for a comprehensive, if of necessity 
somewhat epitomized, presentation of both general and special pathology. A main 
factor in the success of the book has been its lucid style and an unfailingly firm 
grasp of principles as well as of details. Herein T. Mitchell Prudden’s influence 
still persists. The successive editions have reflected faithfully the progress in the 
meantime, and American contributions have received welcome attention. Of the 
advances in the four years since the previous edition. Dr. Wood, who has care- 
fully revised the last five editions, dwells particularly on the new knowledge 
concerning various hormones and vitamins. The revision appears to be adequate, 
and new references, chiefly to monographs, have been added. 

Physiopathologie de la thyroide. Diagnostic et traitement des 
GOITRES. By Lucien Dautrebande de la Fondation Reine-EIisabeth ; 
Membre correspondant de I’Academie Royale de Medicine de Belgique. (Avec 
la collaboration du Dr. A. Lemort.) Price, 40 francs. Pp. 326, with 36 
illustrations and 40 tables. Paris: Masson & Cie, 1931. 

The material in this book is handled in eleven chapters as follows ; 1, physio- 
pathologj* of the thyroid gland ; 2, hypothj'roidism ; 3, endemic goiter ; 4, simple 
.goiter ; 5 nontoxic adenoma ; 6, toxic adenoma ; 7, hyperthjToidism without the 
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usual symptoms ; 8, hyperthyroid rheumatism ; 9, degenerative changes in adenomas 
of the thyroid; 10, exophthalmic goiter; 11, treatment for hyperthyroidism. 

The book is a summary of the various therapeutic measures employed in the 
treatment for thyroid disorders, critically reviewed by the open-minded Belgian 
author. 

Pathologic physiology and biochemistry are discussed at length in a lucid and 
interesting style. Owing to the fact that similar or even identical gross patho- 
logic and histologic changes are seen in the different clinical varieties of diseases 
of the thyroid, the classification is based mainly on the analysis of clinical findings 
and on the determination of the basal metabolism ; the latter is considered the 
only absolutely reliable means of diagnosing thyroid disease. The author empha- 
sizes the conception that various types of hyperthyroidism are not so strictly 
separated as is commonly believed and that there are frequent transitions and 
borderline cases. Many of the tables and all of the fifty-nine detailed case reports 
illustrate the effects of the different therapeutic methods. The author champions 
his method of using small but frequent doses of iodine (for instance: 2 drops, 
from ten to fifteen times daily). Afany so-called iodine-resistant cases responded 
to this form of medication. 

Though the book is primarily intended for the clinician, the pathologist will 
read with interest the theoretical chapters and will find the thirty-five pages of 
the bibliography particularly useful. 



Books Received 


Approved Laboratory Technic: Clinical, Pathological, Bacterio- 
logical, Serological, Biochemical, Histological. Prepared under the 
Auspices of The American Society of Clinical Pathologists by John A. Kolmer, 
M.D., D.P.H., D.Sc., LL.D., Professor of Pathology and Bacteriolog}", Graduate 
School of Medicine, University of Pennsjdvania ; Professor of Immunology and 
Chemotherap}'^., School of Medicine, Temple University; Head of the Department 
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OF THE LUNGS * 

B. M. FRIED, M.D. 

BOSTOX 

The aerogenous infection of animals with the tubercle bacillus is of 
interest for two reasons : ( 1 ) Because of the scantiness of expeririiental 
studies of this particular mode of infection with Koch’s bacillus. This 
dearth is the most surprising since the inhalation of the tubercle bacillus 
is regarded by most observers as being the essential way of infection in 
man. (2). In connection with the recent views of the pulmonary struc- 
ture. From previous studies ^ it was inferred that the inflammatory 
reaction in pathologic conditions of the lungs originates in situ from 
the cells l3dng without (i. e., lining) and within the alveolar septums, 
and also from the peribronchial and the perivascular cells. It then 
appeared that the cells commonU designated as “alveolar epithelium” 
are to all appearances not epithelial, but of mesenchymal origin. 

This conception, while accepted by one group of observers, was con- 
tradicted by another. The studies with the tubercle bacillus were then 
undertaken in order to find new evidences pertaining to this theory. 
For, as Maeterlinck - expressed it: “To the objection based on an experi- 
ment, tbe best reply of all must be a counter-experiment.” 

MATERIALS AND METHODS 

The experiments were conducted on full-grown rabbits. A 6 weeks old culture 
of bovine tubercle bacilli grown on gfi'cerine agar, secured from the American 
Tj'pe Culture Collection, was used. In each case the trachea of the animal was 

* Submitted for publication, Ma}’- 22, 1931. 

* From the Surgical Laborator 3 ’^ of the Peter Bent Brigham Hospital and the 
Laborator}" for Surgical Research, Harvard Medical School. 

*Read bj' invitation at the Twenty-Seventh Annual Meeting of the National 
Tuberculosis Association, S 3 macuse, N. Y., May 11-14, 1931. 

*This work was made possible through the assistance of Prof. Harvev 
Cushing. 

1. Fried, B. M. : The Origin of Histiocytes (Macrophages) in the Lungs, 
Arch. Path. 3:751, 1927; The Defensive and Metabolic Apparatus of the Lung; 
ihe Lungs and the Macrophage S 3 'stem, ibid. 6:1008, 1928; The Infection of 
Rabbits with the Anthrax Bacillus b 3 ' Wa 3 >^ of the Trachea, ibid. 10:213, 1930. 

-. Alaeterlinck, Alaurice: La vie des abeilles, Paris, Fasquelle. 
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exposed in a manner described previously, ^ and O.S mg. of the acid-fast bacilli 
emulsified in 1 cc. of a physiologic solution of sodium chloride was injected into 
the lung via the trachea. 

The animals were killed by an air embolus at intervals of from one minute to 
several weeks after the intratracheal injections. 

Tissues were fixed in a 10 per cent solution of formaldehyde, in Zenker’s fluid 
and in alcohol. Paraffin and frozen sections were stained with hematoxylin and 
eosin, with methylene blue and eosin and with Ziehl-Neelsen’s stain for acid-fast 
bacilli. 

OBSERVATIONS 

After One Minute . — When the lungs were removed from the thoracic cavity 
about one minute after the intratracheal injection of the tubercle bacilli, they 



Fig. 1. — The reaction found in the pulmonary alveolus of the rabbit one 
minute after intratracheal injection of bovine tubercle bacilli. Methylene blue and 
eosin; X 175. 

showed no gross changes. However, sections studied with the microscope revealed 
an early remarkable response of the pulmonary tissue as follows : 

Just as in the experiments with vital staining, in which the dye impregnated 
the lung in patches only, so the tubercle bacilli produced multiple foci of lesions, 
which under the lenses of low power were conspicuous as groups of cells lying 
close to the septums (figs. 1, 2 and 3). The alveoli, which varj’' in shape and size, 
could be easily made out, showing moderatelj’- distended septal capillaries containing 
erj'throcytes arranged in one single file. With the high-power lenses the following 
details were remarkable (figs. 2 and 3) : Most of the cells that had so rapidly 

3. Fried, B. LI., and Proctor, E. E. : The Appearance of Specific Antibodies 
in the Serum of Rabbits by Intratracheal and Intravenous Injections of Living 
Tubercle Bacillus, Proc. Soc. Exper. Biol. & Lied. 21:396, 1924. 
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proliferated remained in close connection with the wall of the air sac. Indeed, 
they did not represent a continuous membrane, but were discontinuous, forming 
agglomerations here and there. A few cells were seen to lie free in the alveolar 
lumen, and once in a great while the liberated cells were in mitosis, whereas 
amitosis could be seen in the sessile cells only. 

The cells varied in size from that of a medium-sized lymphocyte to that of a 
voluminous phagocyte. In the smaller cells the ill defined cytoplasm was barely 
visible, and the nuclei were irregularly round and contained coarse chromatin 



Fig. 2, — The morphology of the proliferated cells lining the air sac of the 
rabbit one minute after aerogenous infection with Koch’s bacillus. Mitotic figures 
are seen in the upper segment of the photomicrograph. Methylene blue and 
eosin ; X 850. 

particles. There were numerous transitions between the small and the large 
varieties of cells, this being shown by variations in the size of the cytoplasm, 
but not by the nucleus, which remained practicallj'^ unchanged. In the large cells 
the cytoplasm was irregular and foam 3 ', being two or three times larger than the 
nucleus, which was pushed to the cellular peripherj\ 

The cells that “stuck” to the wall of the air vesicle occasionally contained an 
acid-fast bacillus in their cytoplasm, while those lying free were often loaded with 
Koch’s bacilli. 
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Granulocytes could be seen rarely between the groups of large mononuclear 
cells. An occasional one contained a tubercle bacillus, and sometimes a poly- 
morphonuclear white cell could be found to be, in its turn, phagocytosed by a 
large mononuclear cell. 

The alveolar lumen contained no serum, fibrin or red cells. The endothelium 
of the septal capillaries showed no changes and no phagocytosis. Likewise, no 
changes were found in the large blood vessels. 

However, the reaction to the tubercle bacilli appeared microscopically to be 
focal ; a search revealed that “irregularities” were also conspicuous in the vicinity 



Fig. 4. — The aspect of a “miliary granule” formed in the rabbit’s lung five 
minutes after injection of tubercle bacilli via the trachea. The proliferated 
alveolar “epithelial” cells are transformed into epithelioid cells (parenchymatous 
alveolitis). The area within the quadrant is shown under high power magnifi- 
cation in figure 5. Meth 3 -lene blue and eosin; X 150. 

of the just described minute “granulomas.” Thus, here, too, there occurred an 
increase in the number of the cells alongside the wall of the air sac, and cells 
lying free in the respiratorj- vesicle could also be seen scattered here and there. 

Whereas the aspect of the smaller cells was that of the lymphomonocytoid 
variety (and these cells are apparently the small nucleated cells of the respiratorj^ 
alveolus), that of the larger ones, which are in all likelihood their direct descend- 
ants, was that of fixed or of wandering macrophages. 

The lymphoid tissue showed nothing worth}" of note. 
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A thorough search failed to reveal the existence of a so-called “membrana 
epithelia,” for the cells that displayed the described activities “lined” the septums 
and therefore directly faced the lumen of the air sac. 

After Five Minutes . — When the rabbit’s lung was examined five minutes after 
the intratracheal injection, its gross appearance was likewise not remarkable. The 


' G' 

■ iV’ 



Fig. 5. — One detail of the “parenchymatous alveolitis” demonstrated in the 
previous figure, as seen under lenses of high power. The cells lining the walls 
of the alveoli, and not others, have given birth to the intra-alveolar “epithelioid” 
cells. The reaction is “proliferative” because of the fact that a proliferation of 
the “epithelial” cells has occurred. The cells adjacent to the “tubercle” should 
be noticed. Methylene blue and eosin ; X 600. 


histologic picture which is shown in figures 4 and 5, was as follows: The focal 
cellular agglomerations noticed immediately after the infection had increased in 
number and in size. They occupied several alveoli, the confines of which could 
still be made out. The cells filled the entire lumen of each air sac almost to 
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capacit}'. The cells were mostly of the large variety described; their nuclei were 
irregularly round, with coarse chromatin particles, and the cytoplasm was foamy 
with “ragged” outlines, containing, in some instances, tubercle" bacilli. The agglom- 
eration of the cells, which had all the marks of epithelioid cells, gave to these 
foci the appearance of “primitive tubercles.” 
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Fig. 6. — A section from an air sac near a tubercle found in the lung of an 
animal that died ninety hours after intratracheal infection. Note the topography 
and the morphology of the “resting” and of the “wandering” cells. Methylene 
blue and eosin ; X 850. 


Here, too, a thorough investigation of the tissue revealed that the endothelium 
of the septal capillaries remained passive; their lumina were but slightly filled 
with red cells. 

It was obvious that the intra-alveolar exudate resulted from the cells lining 
the wall of the air sac, which had instantlj^ undergone the changes just recorded. 
This, moreover, could be ascertained from the inspection of the sections at the 
border of the “primitive tubercle,” which revealed the following: The tubercle 
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was rather sharplj^ circumscribed. With the lenses of lower power one noticed 
merely an increase in the number of “nuclei” per microscopic field. But with the 
oil immersion lenses the topographi”^ and also the morpholog}-^ of these cells could 
clearly be made out (fig. 6). They lay, as already said, outside on the wall of 
the respirator}' vesicle facing the alveolar lumen. They were polymorphic, varying 
from a somewhat elongated endothelial-like form to a monocytoid variety; they 
occurred singly or in groups of two or three, and they showed morphologic 
transitions, as did the cells seen about one minute after the infection. They were 
more conspicuous at the intersection of the capillaries. 



L_ ^ 


Fig. 7 . — A “primitive tubercle” found in a rabbit's lung ten minutes after the 
intratracheal injection of bovine tubercle bacilli. Here, too, there occurred a 
“parenchymatous alveolitis” resulting from the proliferated “alveolar epithelial” 
cells. Methylene blue and eosin ; X 850. 


At this period one noticed more granulocytes and also a few pseudo-eosino- 
philic cells. There also were conspicuous proliferations of cells around the thin- 
walled \eins. 

There was no serum or blood in the alveoli, and the lymph follicles maintained 
their passive attitude. Here, too, no traces of a continuous “epithelial membrane” 
could be found. 

After Ten Minutes . — A section from a lung removed ten minutes after the 
intratracheal infection is seen in figure 7. From this photomicrograph again it 
will be seen that the “tubercle’’ is intra-alveolar (parenchymatous alveolitis) ; 
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that it is made up of large epithelioid cells, and that the cells forming the tubercle 
and those lying close to the septum are identical as to the finest details. 

After One Week . — The reaction increased in intensity every few minutes, the 
difference between the earliest response of the pulmonary tissues and that in the 
later periods being no more than quantitative. 



Fig. 8. — A “metastatic” miliary tubercle found in the lung of a rabbit that had 
been infected seven days previously. A cell in mitosis is seen in the center of the 
figure. Methylene blue and eosin ; X 600. 


With the spread of the disease, primitive tubercles united to form large areas 
of tuberculous granulation tissue, the centers of which were undergoing caseation. 
This, under the conditions of the present experiments, occurred at the fourth or 
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at the fifth day after infection. But even at this stage, the histogenesis of the 
primitive tubercle could be traced with reasonable certainty, provided the edge 
of a “granuloma” was examined, or if the investigation was directed toward areas 
where new “metastatic” tubercles were formed as a result of the dissemination 
of the acid-fast bacilli throughout the lung. 

As an illustration, the structure of the tuberculous tissue seven days after the 
intratracheal injection of Koch’s bacillus may be studied. This tissue is repre- 
sented in figures 8, 9 and 10. 
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Fig. 9. — A 7 day old intra-alveolar tubercle. N'ote the cells lining the septum 
and compare them with those forming the “exudate.” A few granulocj'tes are 
seen here and there, ifethylene blue and eosin ; X 600. 


The tubercles illustrated in figures 8 and 9 were found in the lungs of two 
different animals. In the aerogenous infection 1 week old, the “metastatic” 
tubercle was a counterpart of what one had observed in the lungs five minutes 
after infection. The “alveolar epithelial” cells, and no others, evolved into typical 
epithelioid cells, which agglomerated to form the miliary tubercle. The mor- 
phology of the “epithelioid” cells is particularly demonstrated in figure 10. This 
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section, too, was made from the lung of a rabbit killed seven da 3 "S after the 
intratracheal infection. The last three photomicrographs show, then, tuberculous 
lesions of the same age, yet these lesions reveal striking differences in their 
appearance, which indeed is characteristic of the “polyblastic” nature of the 
“alveolar epithelium.” 

There still exists a discussion among phthisiologists as to whether the primitive 
tubercle originates in the lumen of the alveolus, or is formed within the connective 
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Fig. 10. — The histologic appearance of the tubercular infection of seven days’ 
duration. The exquisiteh^ typical “epithelioid” cells give the impression that they 
are “streaming” from the septum toward the infected alveolar lumen. Hematoxylin 
and eosin ; X 600. 


tissue of the septum. The experiments presented here have shown that the primi- 
tive tubercle is essentialh- an intra-alveolar structure, or what I should designate 
as a “parenchymatous alveolitis” (figs. 4, 7, 8 and 9). If one is to use the 
terminology of some German writers, the reaction is a proliferative one, because 
of tbe fact that there occurs a proliferation of the “alveolar epithelial” cells. 
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After Thirteen Days . — The border of the “granuloma” was of interest in still 
another way: The left segment in figure 11 shows a lesion of thirteen days’ 
duration. From this picture it will be seen that the necrotic (caseated) center 
is surrounded by a rim of healthy cells. It is interesting that, at the border, the 
conglomerate tubercle was formed not only as a result of a proliferation of its own 
elements, but also through “conversion” of those “resting” on the alveolar wall. 



Fig. 11. — The picture as seen at the border of a tubercular granuloma of 
thirteen days’ duration. The “conversion” of the adjacent “resting” cells and their 
“streaming” toward the aging focus are remarkable. Hematox 3 din and eosin ; X 600. 


The formation of giant cells occurred within a few hours after the infection 
by way of fusion of “alveolar epithelial” cells and also bj-^ nuclear division of 
these cells. 

In brief, then, at all stages of the tuberculous infection the essential response 
to tlie acid-fast bacilli in the respiratory alveolus was that of the cells “lining” 
the wall of the air sac, commonlj" designated as “respiratory epithelium.” 

When tubercle bacilli reached the peribronchial lymphoid tissue, they inaugu- 
rated a tubercle in the “clear zone” of the reticular cells, which evolved into 
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Fig. 12. — Perivascular proliferation of lymphoid cells in the lung of a cat 
that had received one injection of oil by way of the trachea. Hematoxjdin and 
eosin ; X 300. 

sional mitoses. The columnar cells revealed earlj-^ regressive changes ending in 
complete degeneration near tuberculous granulation tissue. The notion of patholo- 
gists of the past century (recently revived bj" Duthie'^) that the bronchial 
epithelium is actively phagocytic for bacteria, being a source of the “dust cells,” 
was not borne out by these experiments. I have observed that the alveolar 
wandering macrophages (“dust” cells) often “invade” the bronchial lumen and 
wall as well, this certainly leading to the errone'^us impression of the transfor- 
mation of the columnar bronchial epithelium into “dust” cells. 

4. Fried (footnote 1, second reference). 

5. Dudiie, .E. S.; Phagocytosis by Bronchial Epithelium in the Lun"s of 
Mice, J. Path. & Bact. 33:547, 1930. 






702 


ARCHIVES OF PATHOLOGY 


COMMENT 

The histogenesis of the tubercle in the lung is as debatable today as 
it was decades ago. One is still uncertain not only of the strain, but 
also of the source of the cells of which the primitive pulmonary tubercle 
is made up. 

The discussion has become particularly acute since the inauguration 
of the teachings of Metchnikoff on inflammation. Baumgarten,® who 
was the first to study experimental tuberculosis with the then discovered 
tubercle bacillus is often quoted as being the original author of the 
theory whereby the fixed tissue cells were said to he responsible for 
the tubercle, while Metchnikoff " is referred to as the partisan of the 
hematogenous origin of the pulmonary epithelioid cell. In reality the 
“fixed cell” theory was the one that prevailed among workers of the 
past. 

The conception of Virchow that the tuberculous granulation tissue 
develops only from the connective tissue did not receive general 
recognition by his contempora’ries. Reports by numerous workers were 
to the effect that every cell in the organism took part in the formation 
of the tubercle. A French writer of the seventies of the past century, 
who gave a good summary of the question, wrote: “The tuberculous 
granulation tissue has the sad privilege to be developed at the expense 
of the cells of the connective tissue, of the epithelium of the serous 
membrane in the lungs, of the hepatic cells, of the renal cells, and of 
the smooth muscle fibers” (Thaon,^ Grancher®). In Germany similar 
views were simultaneously expressed in a detailed study on tuberculosis 
by Arnold.^® 

The results obtained l^y Baumgarten ® from his experimental studies 
with Koch’s bacillus did not differ from those of his predecessors. He, 
too, traced the origin of the tubercle to the endothelial cells, to the 
hepatic and biliaiy epithelial cells, to the renal epithelium and also to 
the bronchial and the respiratory (alveolar) epithelium. 

The early investigations by Metchnikoff revealed, however, that 
the phagocytosis of the tubercle bacillus is the essential function of 

6. Baumgarten, P. ; Experimentelle unci pathologisch-anatonu’sche Unter- 
suchungen iiber Tuberkulose, Ztschr. f. klin. Med. 9:93 and 243, 1885; 10:24, 1886. 

7. Metchnikoff, E. : Legons sur la pathologic comparee de I’inflammation, 
Paris, Masson & Cie, 1892. 

8. Thaon, L. : Recherches sur I’anatomie pathologique de la tuberculose, Paris, 
Duval, 1873. 

9. Grancher, J. : De I’unite de la phtisie. These de Paris, 1873 ; Tuberculose 
pulmonaire. Arch, de physiol, norm, et path. 10:2, 1878. 

10. .A.rnold, Julius : Beitrage zur Anatomic des miliaren Tuberkels : IV. Ueber 
disseminierte Aliliartuberkulose der Lungcn, Virchows Arch. f. path. Anat. 88: 
397, 1882. 

11. Metchnikoff, E. : Ueber die phagoc 3 ’tare Rolle die Tuberkelriesenzellen, 
Virchows Arch. f. path. Anat. 113:63, 1888; footnote 7. 
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the macrophage. He therefore emphasized the fact that : “le tubercle est 
compose d’une reunion de phagocytes d’origine mesodermique qui 
affluent vers les endroits ou se trouvent les bacilles et les englobent.” 
(“The tubercle is made up of a gathering of phagocytes of mesodermic 
origin, which flock toward the areas where the bacilli are located and 
engulf them.”) 

Although this conception gained gi'ound, it was still believed that in 
pathologic conditions of the lungs the alveolar epithelium was the 
essential active element. An investigation by Arnold on pneumo- 
noconiosis showed to him that the earliest and most constant effect of the 
inhaled dust was conspicuous in the alveolar epithelium. Ribbert 
(cf. Fleck and Laehr“), by infecting animals with streptococci and 
staphylococci, respectively, noted that the micro-organisms were actively 
phagocytosed by the respiratory epithelium. (This served as an 
argument against the conception that active phagocytosis is the monopoly 
of the “so genannte Makrophagen” [Ribbert]). 

Studies on pneumonia in man have likewise revealed the readiness 
with which the “alveolar epithelial” cells respond in acute inflammatory 
conditions of the lungs. Of particular interest were the observations 
made on the so-called “pneumonia desc[uamativa” which was for the 
.first time reported by Buhl.'® The disease was said to begin with 
morphologic changes in the alveolar epithelium, with proliferation of 
these cells, and then “desc[uamation,” forming the intra-alveolar exudate. 
In the obliterating forms of this disease (pneumonia desquamativa 
obliterans) the reticulum, too, was claimed to be formed by the 
respiratory epithelium (Galdi'*’). Cornil," who, with many others, 
regarded the endothelium of blood and lymph channels as being the 
essential element in the field of inflammation, compared the function of 
the respiratory epithelium to that of the lining of the blood vessels. 
He wrote, for instance “The phenomenon of beginning inflammation 
is essentially the same whether it concerns the connective tissue or the 
lungs.” 

Apparently the “endothelial” theory of inflammation began to prevail, 
for in his lectures on inflammation Metchnikoff ' stated that “the cells 

12. Arnold, Julius : Staubinhalation und Staubmetastase, Leipzig, F. C. W. 
Vogel, 1885. 

13. Fleck: Die acute Entziindungen der Lunge, Dissertation, Bonn, 1886. 

14. Laehr, G. : Ueber den Untergang des Staphylococcus' pyogenes aureus in 
den durch ihn herforgerufenen Entzundungsprozessen, Dissertation, Bonn, 1887. 

15. Buhl, L. : Lungenentziindung, Tuberkulose und Schwindsucht. Zwblf 
Brief e an einen Freund, ed. 2, Munich, R. Oldenbourg, 1873. 

16. Galdi, F. : Ueber einige von den gewohnlichen abweichende Pneumonie- 
Formen, Deutsches Arch. f. klin. Med. 75:239, 1903. 

17. Cornil, V.: De modifications que suhissent les cellules endotheliales dans 
les inflammations. Arch, de med. exper. et d’anat. path. 9:9, 1897. 
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in tuberculosis (the epithelioid as well as the giant cells) are made up 
exclusively of phagocytic elements; that is, of the large mononuclear 
leukocytes and of the stellate Kupffer cells which are of endothelial 
origin; in the spleen and the lymph nodes the tubercle results from a 
collection of the large mononuclear jjhagocjdes of these organs, and in 
the lungs it is formed at the expense of the endothelial cells of the blood 
vessels with the assistance of the leukocytes.” Metchnikoff did not 
mention the origin of the pulmonary “leukocytes” until a few years 
later when he MU'ote : “For long the large dust cells of the respiratory 
channels were looked on as being epithelial cells that were capable of 
taking up carbon particles, micro-organisms and other foreign bodies. 
In reality these elements are nothing more than white corpuscles that 
have immigrated into the alveoli and bronchi.” 

The apparent inconsistencv of Metchnikoff in regard to the inflam- 
mator}^ reactions in tuberculosis of the lungs undoubtedly resulted from 
the fact that the conception of the fixed macrophages (histioc3-tes) was 
not clearly understood by pathologists of that period. The clasmatocyte 
described by Ranvier was thought to be of hematogenous origin, being 
present in the taches laiteuses of the omentum only, and their virtual 
significance as well as their relation to the histiocytic elements found 
elsewhere in the body was not apjDreciated, 

More recent studies on mesenchymal reactions in tuberculosis of 
organs other than the lungs have shown that the primary reaction to 
Koch’s bacillus is essentiall}'’ that of the local elements (Buday;-“ Joest 
and Emshoff;-^ Evans, Wintcrnitz and Bowman;-- Krause-^). The 
question of the source of the “exudate” in inflammatory and congestive 
conditions of the lungs, and particularly of the cells that form the 
pulmonary tubercle, has remained controversial. 

The experiments presented here have shown, first, that in tubercu- 
losis of the lung, too, the cells that primarily respond to Koch’s bacillus 
are not called from outside sources, but are produced in situ. In the 
second place, they have shown that the source of these cells is not the 

18. Metchnikoff, E. : L’iminunite dans les maladies infectienses, Paris, Masson 
& Cie, 1901. 

19. Ranvier, L. : Des clasmatocytes, Arch, d’anat. micr. 3:123, 1900. 

20. Buday, K. : Experimentelle histologische Studien uber die Genese der 
Miliartuberkels, Virchows Arch. f. path. Anat. 186:145, 1906. 

21. Joest, E., and Emshoff, E. : Studien iiber die histogenese des Lymphdriisen- 
tuberkels und die Friihstadien der Lymphdrusentuberkulose, Virchows Arch. f. 
path. Anat. 210:188, 1912. 

22. Evans; Winternitz, and Bowman: An Experimental Stud}' of the Histo- 
genesis of the Miliary Tubercle in Vitally Stained Rabbits, J. Exper. Med. 19:15, 
1914. 

23. Krause, A. K. : The Anatomical Structure of the Tubercle from Histo- 
genesis to Cavity, Am. Rev. Tuberc. 4:137, 1927. 
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endothelium of the pulmonary capillaries (endothelial leukocytes), but 
cells that “line” the walls of the air sacs, as well as those that are 
normally present in the loose connective tissue of the septums. 

Let me analyze my observations : When the tubercle bacilli reached 
the air sac, the reaction caused by them was instantaneous. For within 
one minute after the aerogenous infection (figs. 1, 2 and 3), there 
occurred a marked proliferation, as well as morphologic changes, of 
cells lying in and on the septums. These cells, which are normally 
barely visible, giving to the air sac a “naked” appearance, revealed 
characteristics that are proper to fixed or to wandering macrophages 
(monocytes and clasmatocytes). A number of these cells lay free in 
the alveolar lumen, showing phagocytosis of the tubercle bacilli ; the 
bacilli also were found in the cytoplasm of some of the enlarged sessile 
cells. Cells in mitosis and in amitosis were seen here and there, and 
within the next few minutes primitive tubercles made up of these 
(epithelial) cells transformed into epithelioid cells were seen scattered 
over the sections. At this period, too, outlines of giant cells could be 
made out budding from the septums, resulting from the “agglutination” 
of individual cells and also from the nuclear division of cells. 

As a rule the newly formed cells proliferated inside the lumen of 
the alveolus, causing a “parenchymatous alveolitis.” This process 
ordinaril}’- involved a group of several alveoli, of which the smaller were 
completely occluded by the epithelioid cells, while the large were 
occupied only in part. • 

It is remarkable, then, that in addition to the prompt morphologic 
changes and the rapid proliferation, the sessile and the free cells also 
displayed an instantaneous phagocytosis of the acid-fast bacilli. 

The endothelium of the capillaries of the septums showed no 
particular changes. Their lumina contained a moderate number of red 
cells, but no mononuclear leukocytic elements. 

Particularly instructive, too, were the pictures in close proximity 
to the primitive tubercle. It appeared that not only did the morbid 
process advance by proliferation of its own elements, but at the borders 
it also “converted” the adjacent cells. Here, also, the cells while still 
“resting” on the septums, had taken on new morphologic aspects, thus 
giving them the appearance of large monocytes (fig. 13). In proximity 
to the primitive tubercle these cells could be seen to “stream” singly 
or in groups to join and to enforce the alread}^' formed “miliary granule.” 
Thus, when the agglomerated tubercle had reached considerable dimen- 
sions, and its center had begun to degenerate (caseation), its periphery 
was made up of new elements that resulted not only from proliferation 
of its own cells, but also from the mobilization of those resting in the 
adjacent areas (figs. 11 and 13). 
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As I have said, the reaction was confined to the cells lining the 
septuins and to those found within the septuins as well. The wall 
of the air sac, representing, indeed, no more than a “spider’s webb” of 
loose connective tissue enforced with a few elastic fibers, also contains 
interlacing bundles of innumerable capillaiies and a sparse number of 
scattered cells. These cells, when sectioned at various angles, appear 
either as elongated cells lying “astride” on the capillary, as do the 



Fig 13 — Note the cells “lining’’ the walls of the air sacs at the frontier of an 
advancing tubercle Compare these cells with those that had formed the “miliary 
granule’’ seen on the left side of the picture. Methylene blue and eosin; X 800 


“adventitial” cells of Marchand, or as round lymphocytoid cells having 
somewhat bean-shaped nuclei with coarse, darkA stained chromatin 
particles. The resemblance of these cells to lymphocytes is remarkable, 
and was probabl}'’ responsible for the opinion expressed by Metchnikoff 
that the hmphocttes are to a large degree the source of the epithelioid 
cells “Si les lymphoc3des meme,” wrote IMetchnikoff,' “ne sont encore 
point des phagocytes, ils le deviennent bientot, apres s’etre transforme 
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en cellules epithelioicles.” (“If the lymphocytes,” wrote Metchnikoff, 
“are not yet phagocytes, they soon become so after having been trans- 
formed into epithelioid cells.”) This property of the small round cell 
was also stressed by Maximow,-* Avho was, however, of the opinion that 
“the small lymphocytes, as a rule, first have to enter the blood and to 
circulate there before being activated for the progressive der-elopment 
under the influence of suitable external conditions.” Bloom produced 
convincing experimental evidences of such a metamorphosis in vitro, 
but Ferrata-® and Naegeli were opposed to this view. 

In the experiments presented here, the pulmonary lymphocytes did 
not seem to play a role in the provision of macrophages. For even 
in the peribronchial l3unphoid accumulations the tubercle developed in 
the midst of the “clear zone” of reticular cells, which gradually had 
evolved into epithelioid cells, but no transitions could be seen between 
these cells and the small round cells. Likewise the fully developed 
tubercle in these cases was composed of a central giant cell surrounded 
by epithelioid cells with a very scant number of “small round cells,” 
unlike the picture one ordinarih'- sees in tubercles found in protracted 
cases of human tuberculosis. 

Apparently the cells found in the walls of the septums are not other 
than undifferentiated mesenchymal cells, which here, as indeed elsewhere 
in the organism, readily serve as a source of the wandering macrophage. 

The topography of these small lymphocytoid cells about the capil- 
laries of the air sacs imitates the same condition found throughout 
the body, and the suggestion was made in a recent textbook of histol- 
ogy that they are probably nothing other than adventitial cells. 

That the adventitia of blood channels is accompanied by peculiar 
cells was for the first time demonstrated by Rouget,-® who believed 
them to be “muscle cells” (cellules de Rouget) playing a role in the 

24. Maximow, A. : Handbuch der microscopischen Anatomic des Menschen, 
Berlin, Julius Springer, 1927, vol. 1, p. 2. 

25. Bloom, W. : Ueber die Verwandlung der Lymphozyten der Lymphe der 
Ductus thoracicus der Kaninchens in Polyblasten (Makrophagen) in Gewebs- 
kulturen, Centralbl. f. allg. Path. u. path. Anat. 39:3, 1927. 

26. Ferrata, A., quoted bj'- Maximow, A.: The Lymphocytes and Plasma Cells, 
Special Cytology, edited bv E. V. Cowdrv, New York, Paul B. Hoeber, 1928, 
vol. 1, p. 321. 

27. Naegeli, O.: Blutkrankheiten und Blutdiagnostik, ed. 4, Berlin, Julius 
Springer, 1923. 

28. Maximow, A.: A Text-Book of Histology, Philadelphia, W. B. Saunders 
Company, 1931. 

29. Rouget, C. : Memoire sur le development, la structure et les proprietes 
physiologiques des capillaries sanguins et lymphatiques. Arch, de phvsiol. norm, et 
path. 5:603 and 639, 1873. 
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contraction of the capillaries. Eberth observed “perithelial” cells 
around the blood vessels of the central nervous system, which he thought 
were epithelial. (“Peritheliomas” were believed to originate from these 
cells.) Marchand found them to be an essential part of the vascular 
adventitia (adventitial cells of Marchand). Goldmann convincingly 
demonstrated that these cells belong to the reticulo-endothelial (macro- 
phage) system. Krogh and his pupil Vimtrup confirmed the obser- 
vations of their predecessors, and a Swiss histologist, Zimmermann,®^ 
designated them as pericytes (figs. 14 and 15). 

Whatever the nomenclature of these cells may be, they are, it is 
reasonably certain, of mesenchymal origin, and act as such : they store 
ch’es and oils ; they avidly phagocytose micro-organisms ; they play a 



Fig. 14. — A capillary from the thymus; E, endothelium; P, pericyte. (After 
Plenk; copied by Benninghoff, A.: Blutefasse und Herz, in Mollendoff : Handbuch 
der microscopischen Anatomic des Menschen, Berlin, Julius Springer, 1925, vol. 6, 
p. 30). 

role in the extrahepatic formation of bile ; they likewise participate 
in the formation of the tubercle, as seen in the experiments presented 
here. 

30. Eberth, C. J. ; Zur Entwicklung des Epitheliomas (Cholesteatomas) der 
Pia und der Meningen, Virchows Arch. f. path. Anat. 49:48, 1870. 

31. Marchand, F., in Krehl and Marchand: Handbuch der allgemeinen 
Pathologie, Leipzig. S. Hirzel, 1924, vol. 4. 

32. Goldmann, E. A. : Die aussere und innere Secretion des gesunden und 
kranken Organismus im Lichte der “vitalen Farbung”, Beitr. z. klin. Chir. 64:192, 
1900; 78:1, 1912. 

33. Krogh, A. ; Anatonw and Physiolog}’’ of Capillaries, New Haven, Conn., 
Yale Universiti" Press, 1928. 

34. Vimtrup, B. : Beitrag zur Anatomie der Capillaren, Ztschr. f. Anat. u. 
Entwcklngsgesch. 65:150, 1922. 

35. Zimmermann, K. : Der feinere Bau der Blutcapillaren, Ztschr. f. Anat. u. 
Entwcklngsgesch. 68:29, 1923. 

36. Fried, B. !M. : The Role of the “Alveolar Epithelium” in the Extrahepatic 
Formation of Bile, unpublished data. 
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The “defensive” role of the lung is obvious not only from the 
instantaneous response of its local (alveolar wall) macrophages, but 
from the natural history of the aerogenous infections with Koch’s 
bacillus. Thus, under the conditions of the experiments discussed in 
this article, rabbits that have been infected with the bovine type of 
tubercle bacilli by way of the trachea survive three and more times 



Fig. 15. — ^An area of a rabbit’s lung remote from tuberculous granulation tissue. 
The cells around the capillaries should be noticed. Compare their topography with 
that of the pericyte (P) shown in figure 14. Alethylene blue and eosin; X 850. 


longer than those that have received a similar dose of bacilli by way 
of the blood stream. It also is interesting that in many animals that 
have been infected via the trachea the acid-fast micro-organisms appar- 
entK remain “immured” in the lung “for life,” for in these instances 
the micro-organisms cannot be detected outside these organs. The lungs, 
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then, are not only a “sieve” or a “filter” (Spanier”'), but are a virtual 
“fortress” which retains and destroys not only foreign elements, but 
pathogenic micro-organisms (staphjdococci, anthrax bacilli, pneumo- 
cocci ) . 

It is true that hematogenous elements (nionoc3'tes and also lympho- 
cytes) contribute to the formation of the tuberculous granulation tissue 
of the lung. However, the afflux of these cells from outside sources 
occurs at a later date and obviously does not play an important role 
when infection occurs by way of the respiratory tract. 

It is of interest that even granulocytes, which are found in numbers 
in the lungs of rabbits infected with tubercle bacilli b}^ way of the blood 
stream, are insignificant in aerogenous infections. The rapid appear- 
ance of these cells in the lungs after infection was thought by Toppich 
to be the result of their local formation from the “younger mesenchymal 
cells.” In reality the granulocytes reach the lung from the periphery. 

Studies on the peripheral blood of animals infected with tubercle 
bacilli •*’' reveal that the infection is followed by an almost instantaneous 
leukopenia. The granulocytes, then, that have disappeared from the 
circulation, are found in the visceral organs and particularly in the lungs. 
They often contain engulfed tubercle bacilli, and in their turn arc 
l^hagocytosed by the local macrophages. (This will be discussed in 
detail in a report on hematogenous infection with tubercle bacilli.) 

That the lungs react as do mesenchymal organs, and that the 
essential source of the reactive elements is not the blood or the 
endothelium of the capillaries, but the cells lining the air sacs, as Avell 
as those found within the septums, is apparentlj'^, not contested any 
more. What one disputes today is the “alveolar epithelium,” the 
mesenchymal nature of which is denied on the ground that it is in con- 
flict with the “classic” descriptions of the embryology of the lung. 
However, recent investigations of the fetal lung revealed that there 
exists a great uncertainty as to the embryology of the primordium of 
the air sacs. Thus Rose produced evidences to show that the lung 
is developed from two dilferent germ layers, endoderm for the bronchi 
and mesoderm for the “parenchyma.” Bloom, in Maximow’s textbook 
of histology, was as yet undecided, urging “a thorough embiyological 

37. Spanier, Philipp : Ueber die Bedeiituiig dcr Lungeii im Stufftransport 
innerhalb dcr Organisniiis, Eine experimcntelle Untersiichung, Beitr. z. Klin. d. 
Tuberk. 76:507, 1931. 

38. Toppich, G. : Die Zelliilareii Abwehrvorgange in der Lunge bei Erst und 
Wiederinfektion niit Tuberkelbazillcn, Krankheitsforschung 9:15, 1925. 

39. Fried, B. M., and Dameshek, William : The Picture of the Peripheral 
Blood in Rabbits Infected with the Tubercle Bacillus by Way of the Trachea, 
unpublished data; Experimental Agranulocytosis, Arch. Int. iMed., to be published. 

40. Rose, S. B. : The Finer Structure of the Lung, Arch. Path. 6:36, 1928. 
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investigation of the lungs in the later stages of intra-uterine life,” 
while Policard and Chiodi believed that originally there is a cuboidal 
epithelium lining the air sacs, but that it disappears in the later months 
of fetal life to be replaced by mesenchymal cells. 

In fact the histologists’ description to the efifect that in the adult lung 
there is a transitional epithelium between the bronchiolic epithelium and 
that of the supposed cuboidal alveolar epithelium was not supported by 



Fig. 16. — A segment of a respiratory bronchiole to show that there is no 
transitional epithelium between the bronchiolar epithelium and the alleged alveolar 
epithelium. The abrupt ending of columnar cells that line the bronchiole is indi- 
cated bj' an arrow. Meth 3 ’lene blue and eosin ; X 600. 


41. Policard, A. ; Les nouvelles idees sur la disposition de la surface respira- 
toire, Presse med. 37:1243, 1929. 

42. Chiodi, V.: Sulla natura delle cellule libere del pulmone e del rivestimento 
dell alveolo pulmonare. Arch, d’anat., d’histol. et d’embryol. 8:313, 1928. 
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these studies. From figure 16 it may be seen that the epithelium of the 
bronchiole ends abruptly, and is “followed” by the “naked” walls of the 
air sacs (fig. 16). 

The assertion of the epithelial nature of the “alveolar epithelium” 
was also based on the observation that these elements, which are incon- 
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Fig. 17. — The cuboidal cells lining the glandular structures were interpreted by 
older pathologists as alveolar epithelium that had “reclaimed” its fetal cuboidal 
aspect. In reality these are cells of bronchiolar origin. The same cells, single and 
the groups, can be seen scattered throughout the photomicrograph, (Patient studied 
at the Beth Israel Hospital, Boston) . Hematoxylin and eosin ; X 300. 


spicuous in normal tissues, “reclaim” their ancestral features in patho- 
logic conditions, taking a fetal cuboidal aspect. The so-called “alveolar 
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cell” cancers of the lung were traced to these structures^® In reality 
the “glandular structures” observed in sclerosed lungs are nothing other 
than “alveoli” lined by cells of bronchiolar origin (fig. 17 ). This con- 
dition observed in the sclerosed lung is a counterpart of what one sees 
in atrophic (Laennec’s) cirrhosis of the liver, in which there also 
occurs a new formation of bile ducts in the connective tissue encircling 
the hepatic lobules. 

As mentioned, the view of the mesenchymal nature of the lining of 
the air sacs is at present shared by many pathologists. But even those 
who still maintain that the alveoli are lined by epithelial cells have come 
to accept my conception of the “defensive and metabolic” functions of 
the alveolar cells, which is indeed the essential. It is interesting that 
these writers regard the histioc3'tic potentialities of the “respiratory 
epithelium” as merel}'^ an exception in the bodily economy. In this 
respect, the opinion of Renan may be quoted. In his inauguration 
discourse at the Academie Franqaise, where he was elected to take the 
chair of Claude Bernard, Renan said: “Le mot d’ exception est anti- 
scientifique. Ce qu’on appelle exception est un phenomene dont une ou 
pltisieurs conditions sont inconnues.” (“The word ‘exception’ is anti- 
scientific; what is called an exception is a phenomenon, one or more 
conditions of which are not known.”) 

SUMMARY 

Infection of rabbits with the bovine type of tubercle bacilli by way 
of the trachea provokes an instantaneous reaction in the lungs. 

The early lesion, that is, the “primitive tubercle,” is found in the 
lung within five minutes after the aerogenous infection. The lesion is 
intra-alveolar, being a “parench3nnatous alveolitis.” 

The cells that primarily respond to the acid-fast bacilli are those 
commonly designated as “respiratory epithelium.” Under the influence 
of Koch’s bacillus, these cells undergo instantaneous morphologic 
changes, proliferate, separate from the wall of the air sacs, phagocytose 
the acid-fast bacillus and form t3^pical miliary tubercles. The3^ also 
form giant cells of the Langhans type. 

Rabbits infected with bovine tubercle bacilli b3'- way of the trachea 
survive from three to four times longer than those infected with the 
same amount of bacilli b3^ way of the blood stream. In man^* of the 
aerogenousty infected animals the acid-fast bacilli remain apparent^'- 

43. Fried, B. M. : Primarj’- Carcinoma of the Lungs; Bronchiogenic Cancer, 
Baltimore, Williams & Wilkins Compaii}’', to be published. 

44. Renan, Ernst: L’CEuvre de Claude Bernard, Paris, Bailliere, 1881. 
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“immured for life” in the lungs, for no lesions or bacilli are detected 
in organs outside the pulmonary tissues. 

The pulmonaiy reaction to the “virtual” infection with the Koch’s 
bacillus is akin to that of the “model infections” with vital dyes and 
oils reported previously.^ 
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Recent ch’nical and chemical studies have demonstrated the ease with 
which the mineral constituents of the bony skeleton are mobilized and 
depleted in a variet}'^ of conditions. Few discussions exist concerning' 
the varying degrees of susceptibility to decalcification of the various por- 
tions of the bony skeleton or of individual bones. Nor are the relations 
between decalcification in various sites and the corresponding pathologic 
pictures much discussed. With these I'elations in mind, we examined 
histologically the carpal, tarsal, metacarpal, metatarsal, phalangeal and 
other bones (like the apophyses and sesamoids) of guinea-pigs with 
hyperparathyroidism, in addition to the bones previously investigated, 
such as the long tubular bones, ribs, skull and jaw. The distribution of 
lesions in the bones of young guinea-pigs suffering from experimental 
scurvy was also studied and compared with that in guinea-pigs showing 
hyperpara thy roidi sm . 

THE DIFFERENTIAL GROWTH OF BONE 

Certain features in the embryogenesis and postnatal development of 
the skeleton have a distinct bearing on the interpretation of our patho- 
logic observations and on the conclusions based on them. To some 
degree, the succession of events in the development of the skeleton of 
man and that in the ordinary laboratory animal run parallel. Strong ^ 
drew certain analogies between the order of ossification in the rat and 
that in man. It is well known that certain bones reach their final forms 
and complete maturity much sooner than others. While species dift’er- 
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dices exist in this respect, the progress of ossification within a given 
species is constant. 

Ossification begins in man in the clavicle when the embryo is 15 mm. 
long (crown-rnmp) and 39 days of age. Numerous centers of ossification 
for the formation of other bones appear rapidly thereafter, and at birth 
the diaphyses of all the tubular bones are formed. At the time of birth, 
there are no centers of ossification in the cartilaginous epiphyses of the 
long tubular bones, except in the lower end of each femur, where a 
center is generally present, and in the upper end of each tibia, where one 
is occasionally present." The epiphyses are formed by endochondral 
ossification. This progresses after the centers of ossification appear; 
most of the cartilaginous mass is soon replaced by bone. Further growth 
of the epiphysis is slow after this, and takes place along the line of 
junction of the bone and the remaining cartilaginous portion of the 
epiphysis. Finally, when the bony epiphysis is completely formed, an 
irregular cement line marks the junction between the bone and the 
articular cartilage, along which there is slow progressive erosion of the 
cartilage and formation of new bone by creeping replacement. The 
spongy trabeculae of the epiphysis are composed of fine-fibered lamellar 
bone, and no haversian canals are present except in the larger ones. Tho 
reconstruction of these fully formed trabeculae also proceeds slowly. 

The epiphyses of the short tubular bones (metacarpals, metatarsals 
and phalanges) ossify rapidly, reaching their complete maturity not 
long after puberty ; the epiphyses and diaphyses of these bones fuse and 
the epiphyseal cartilage plates disappear. On the other hand, fusion of 
the epiph3^ses of the lower ends of the femurs, of the upper ends of the 
tibiae and of the upper ends of the humeri does not occur in man until 
at least the nineteenth or the twentieth year. Like the epiphyses, the 
tarsal and carpal bones, with the exception of the os calcis, are entirely 
formed by endochondral ossification. These bones ossify rapidly after 
the appearance of centers of ossification in them, and thereafter grow 
slowly at the perij^hery beneath the cartilage. The exception, the os 
calcis, has an epiphysis at its posterior extremity. 

On the metaphyseal surfaces of all epiphyseal cartilage plates new 
bone is formed as long as the plates remain active, but bone formation 
is most abundant in these regions in bones of greatest growth. There is 
a progressive diminution leading finally to complete cessation of ossifi- 
cation, as the epiphyseal cartilage plates go through the stages of closing 
and disappearing. In man, closure of the epiphyseal cartilage plate is 
followed by its rapid disappearance, resulting in fusion of the epiphysis 
and diaphj'sis, but in certain animals the plate may close without disap- 
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pearing for a long time. Dawson “ showed that in the rat the epiphyseal 
cartilage plates of the upper ends of the humeri, of the lower ends of 
the femurs and of the upper ends of the tibiae remain until senility. 

' Bone formation proceeds very active^ at the costochondral junctions 
uiiLil maturity. Furthermore, it may be noted that the jawbone is almost 
coiiiihually in a state of active growth and transformation. This is 
because it is subject so constantly to the mechanical influences of mastica- 
tion. The skull continues to grow along the lines of suture until these 
close. The suture lines in the skull correspond to some degree to the 
epiphyseal plates of the tubular bones.‘‘ 

This summary of the embryogenesis and postnatal development of 
the skeleton shows that bone formation and growth proceed at different 
rates in the various bones, and even in various portions of the same 
bone. In certain sites very active formation of bone occurs for a long 
period, as, for instance, in the metaphyses of the long tubular bones, 
the costochondral junctions, the jaw and the vicinit}'^ of the sutures of 
the skull bones. The junctions of cartilage and bone in the epiphyses, 
especially of the long tubular bones, are sites of somewhat slower but 
active formation of bone. When skeletal maturity is reached the growth 
of the bone ceases, and there is a slowing down of the rate of formation 
of bone at the sites at which it was previously most active. However, a 
number of these sites of early active formation and transformation of 
bone remain capable of again resuming these processes, even during adult 
life. In regard to the shafts of long tubular bones, it is of interest to 
observe that in early postnatal life the periosteum is of very great impor- 
tance in the formation of bone, but as the animal becomes older there 
is considerable diminution in the functional capacities of the periosteum, 
which becomes dormant. 

EXPERIMENTAL RESULTS 

Decalcification is the only established specific effect of parathyroid 
extract (parathormone) on bone, and the resorption is generally evi- 
denced by the presence of enlarged haversian canals or by lacunae con- 
taining osteoclasts on the periosteal and endosteal surfaces of bone. It 
is therefore possible to follow by histologic methods the complete 
anatomic distribution of the changes induced by such treatment. A young 
guinea-pig, weighing 300 Gm., into which 20 units of parathyroid extract 
per hundred grams of body weight has been injected, will show in forty- 
eight hours the greatest amount of resorption at the sites of most active 
growth of bone, that is, in the metaphyses of the long tubular bones, at 
the costochondral junctions, in the shaft cortices (most intense at the 

3. Dawson, A. B. : Anat. Rec. 31 : 1 , 1925. 

4. Mair, R.: Ztschr. f. d. ges. Anat. (Abt. 1) 90:293, 1929. 
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encoche or terminal portion of the cortex and diminishing as the cortex 
of the middle of the shaft is approached). The jaw shows intense 
decalcification and resorption. 

In the study of the bones of a large number of animals suffering 
from experimental hyperparathyroidism and showing consistently the 
histologic changes described, we were impressed by the equally consistent 
absence of these changes in spongy bone of the epiphyses of the long 
tubular bones. We therefore undertook to determine whether changes 
could be induced in the epiphyses and in bones formed like the epiphyses 
in guinea-pigs weighing 300 Gm. by the injection of much larger 
amounts of parathormone. 

Three guinea-pigs of this weight were given single doses of 50, 100 and 165 
units of paratfij^roid extract per hundred grams of bod}' weight. Extensive resorp- 
tion, with the presence of osteoclasts and Howship’s lacunae, was found at the 



Fig. 1. — The costochondral junction of a rib of a young guinea-pig weighing 300 
Gm. The animal was killed forty-eight hours after the injection of 500 units ot 
parath}'roid extract. Figures 1 to 6 all represent effects produced in this animal. 
Here it is to be noted that the cortex is fractured and the bone disintegrated, that 
the columns of endochondral bone are splintered, that new endochondral ossification 
has ceased, and that there is considerable hemorrhage in the marrow; X 40. 


5. Roux (Die Entwicklungsmechanik, Vortr. u. Aufs. u. Entwcklngsmech. 
d. Organ., 1905, nos. 1 to 5) classified the components of spongy bone as follows: 
(1) tubes (tubull), (2) hemispheric spaces (pilae), (3) plates (lamellae) and (4) 
beams (trabeculae). The tubuli ossei are the long spaces in spong}' bone enclosed 
b}' the thicker trabeculae, and the pilae ossei are curved spaces in spong}' bone, 
particularly underneath the articular cartilage, and are enclosed by the thinner 
lamellae. Any classification of the elements of spongy bone must be a rough one, 
because there are innumerable transition forms and shapes that make a strict 
terminolog}' impossible (Jaffe, H. L. : Structure of Bone with Particular Reference 
to Its Fibrillar Kature and Relation of Function to Internal Architecture, Arch. 
Surg. 19:24, 1929). The term “trabeculae” is frequently used as a synonym for 
the term “spong}' bone.” 








Fig. 2. — The lower end of the femur ; X 22. There are considerable resorption 
of bone and fibrosis of marrow in the metaphysis; a number of small cysts are 
present beneath the epiphyseal cartilage plate. No such changes are observed in 
the epiphysis above the plate, where the marrow is normal. 




Fig. 3. — At the left are the epiphysis and part of the metaphysis of a metatarsal 
bone; X 22. The marrow of the epiphysis is fatty and no abnormal resorption is 
observed. Some fibrosis of the marrow and osteoclastic resorption of the bony 
trabeculae in the metaph 5 ’-sis is seen, but the changes are less than in the cor- 
responding region in figure 2. 

At the right are the epiphysis and the metaphysis of a phalanx; X 22. The 
epiphysis appears normal, but the metaplwsis shows some osteoclastic resorption. 
The changes are less than in the metatarsal at the left. 
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costochondral junctions, in the metaphyses, in the shafts of the ribs and rapidly 
growing long tubular bones, and in the skull and jawbones. However, the spongy 
bone of the epiphyses and of the carpal arid tarsal bones of these animals showed 
a striking absence of change. At most, it showed only simple thinning of the 
elements. 

The shaft cortices showed an amount of resorption directly proportional to the 
growth capacity of the bones, the cortices of the ribs and long tubular bones show- 
ing much resorption, and those of the metacarpal, metatarsal and phalangeal bones 
little or none. In two of these young guinea-pigs, the endochondrally formed 
patella showed evidences of active resorption following the injection of 100 and 
165 units of parathyroid extract per hundred grams of bodj' weight. The reason 



Fig. 4. — ^At the left is the encoche or terminal portion of the cortex of the 
shaft of the lower end of the femur ; X 85. Note the large number of osteoclasts 
and the connective tissue in the enlarged canals of the blood vessels. Resorption 
is very active, as this is an area of rapid growth. At the right is the encoche or 
terminal portion of the corte.x of the shaft of a phalanx; X 85. Note that resorp- 
tion and fibrosis are absent here. Compare with the corresponding region in the 
rapidly growing bone at the left. 

for this probably lies in the fact that the patella does not begin to ossify until rela- 
tivel}' late and, because of the active progress of ossification, responds more like 
the spongy bone of the metaph 3 >-ses than like that of the epiph 3 ’-ses and of the tarsal 
or carpal bones (figs. 1 to 6). 

We also studied the distribution of lesions in the bones of young 
guinea-pigs receiving repeated, stepi^ed-up doses of parathyroid extract 
over a period of twent}" days. 

Six guinea-pigs, weighing between 270 and 320 Gm., received injections of 
gradualh' increased doses of parath 3 woid extract, finally receiving 60 units daily 
for the last four da 3 's. The distribution of the lesions was the same as in the 
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5 " 0 ung guinea-pigs receiving 1 large dose. No osteoclastic resorption or fibrous 
tissue formation was found in any of the epiphyses or in the carpal and tarsal 
bones. The shafts of the slowly growing short tubular bones showed less resorption 
when compared with the shafts of the rapidly growing long tubular bones, and the 
lesions m the metaphyses were less prominent than in the long tubular bones. 

In line with the finding that the resorption effects of parathyroid 
extract are most marked in those portions of the skeleton that are most 



Fig. 5. — ^Above is a section through the cortex of the middle of the shaft of the 
humerus ; X 85. Note the active subperiosteal resorption and the enlargement of 
the canals of the blood vessels. A Volkmann canal is observed penetrating the 
entire thickness of the cortex. 

Below is the cortex of the shaft of a metacarpal bone; X 85. The bone is 
compact and resorption is not observed. Compare with the cortex of the rapidly 
growing bone above. 

actively growing is the observation that the bones of adult guinea-pigs 
are relatively much less susceptible to the effects of a single dose of 
parathyroid extract than those of yovmg animals.® However, when very 

6. Jaffe, H. L. ; Bodansky, A., and Blair, J. E. : Fibrous Osteodystrophy 
(Osteitis Fibrosa) in E.xperimental Hyperparathyroidism of Guinea-Pigs, Arch. 
Path. 11:207, 1931; J. Exper. Med. to be published. 
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great doses are administered to adult guinea-pigs, resorption may be 
found where formation of bone still occurs, though this is reduced to a 
state of slight activity. Thus, if the encoche is still present, resorption 
and fibrosis will be found in it. Since maturity of the guinea-pig is 
accompanied by a diminution in the nuinber of the haversian canals in 
the shaft cortices, resorption, when it occurs in the cortices, appears 
beneath the endosteum and periosteum, but mostly beneath the end- 
osteum. It is actually to the greatest degree beneath the endosteum, 
which in adult life has greater osteogenic capacity in the normal trans- 
formation of bone. 



Fig. 6. — Part of a section of a tarsal bone; X 85. Note the absence of marrow 
changes and the absence of resorption of the spongy bone. This bone responds to 
parathyroid extract like an epiph 3 'sis. 


Seven adult guinea-pigs received daily injections of parathyroid extract for 
from seven to eleven days. They received a total of from 200 to 540 units of 
parathyroid extract during this period. All died from acute hyperparathyroidism. 
The histologic examination showed that with such treatment changes in bone and 
marrow could be produced in adults ; the degree varied directly with the total 
dosage of parathyroid extract given, but the adults that were younger showed rela- 
tiveh' more changes in bone and marrow, on a given dosage, than those that were 
older. The lesions, wherever present, although not severe, showed the greatest 
degree of advancement in the same sites as in the animals receiving large single 
doses. It should be observed, however, that none of the metacarpal, metatarsal or 
phalangeal bones showed any subperiosteal or subendosteal resorption. The carpal 
and tarsal bones, with the exception of the os calcis, showed complete absence of 
the resorption effects of hyperparathyroidism. The epiphj^seal ends of the long 
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tubular bones showed practicall}’’ no changes in the marrow or spong}" bone. The 
youngest of these adults showed some osteoclasts and Howship’s lacunae on the 
bone near the articular cartilages. 

In three animals, in which care was taken not to increase the dose too rapidly, 
and to intermit the treatment when they appeared sick from hyperparathyroidism, 
injections of parathyroid extract were continued for sixty-nine days, with gradually 
increased dosage. Two of these guinea-pigs received a total of 3,040 units during 
this period; the third animal received more rapidly increasing doses during the 
last thirteen days of the treatment, and was given a total of 4,020 units. Bone 



Fig. 7. — Above is the cortex of the middle of the shaft of the femur of an adult 
guinea-pig that received increasing doses of parathyroid extract for sixty-nine days. 
The animal received 3,040 units. The cortex shows marked enlargement of the 
canals of the blood vessels, which are filled with connective tissue and show osteo- 
clasts in Howship’s lacunae; X 40. 

Below is a section through the cortex of the middle of the shaft of a meta- 
carpal bone from the same animal ; X 40. No lesions are observed in the cortex 
of this slow-growing bone. Compare with the femoral cortex above. 

changes were produced, characterized bj'- extensive enlargement of the haversian 
canals, which contained connective tissue and Howship’s lacunae with osteoclasts. 
In these animals, however, resorptive changes appeared in the spongy bone of the 
epiphyseal ends of some of the long tubular bones and of the short-tubular bones. 
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and in the cortices of these bones, especialh-' those of the long tubular bones. Thus, 
these adult guinea-pigs were the first that showed anj^ extensive involvement of 
the epiph 3 "ses of either the long or the short tubular bones. The carpal and tarsal 
bones showed slight evidences of resorption — insignificant compared with the 
epiphj'ses (fig. 7). 

COMMENT 

The experiments described showed that the resorption of bone in 
hvperparath 3 Toidism occurs in certain sites of predilection. The 
increased susceptibility of these sites may be related to their rate of bone 
formation. It may be stated as a general principle that the sites of most 
active formation of bone are the sites most susceptible to physiologic or 
pathologic resorption of bone. Thus, those portions of the skeleton 
most susceptible to decalcification are those in which formation of bone 
is most active. 

As we pointed out in the summary of the embryogenesis and post- 
natal development of bone, the tarsus, carpus and formed epiphyses of 
a young guinea-pig are sites of relatively slow growth, and are therefore 
least susceptible to the effects of hyperparathyroidisjn. These bones 
therefore respond to parath 3 U'oid e.xtract in a manner similar to that of 
the bones of the adult skeleton. As the animal becomes older, and full 
growth in the length of the bones is completed, the bones or portions of 
bones that are most susceptible to resorption in the young animal become 
less so. When the animal is full)’’ adult, the entire skeleton, although 
less susceptible, shows more or less uniformit)’’ in the response to the 
decalcif 5 'ing effects of parathyroid extract. 

On the other hand, Bauer, Aub and Albright ' stated that in resorp- 
tion of bone the calcium of the trabeculae ® is “labile” and is drawn 
on in the first instance, while the calcium of the compact bone (“the 
structural parts of the bone'”) becomes available onl)’’ “in the case of 
unsual bod)’ demands.” The)’ arriA’ed at their conclusions parti)’ through 
a study of the effect of parathyroid extract (parathormone) on rabbits, 
kittens and rats. After continued administration of parathyroid extract 
to three 5 week old rabbits for ninet)’-one days, during the major part 
of which (from fifty-six to seventy-four days) the rabbits received 
8 units daily, the trabeculae were reported as diminished in number, but 
no effect was noted on the cortex of the bone either by gross or bv 
roentgen examination. In two kittens 26 days of age, the administration 
of an average of 25.4 units of parathyroid extract dail)’ for fifty-si.x 
days did not result in any greater reduction of the trabeculae than was 
observed in the course of the growth of bone in the normal controls. 
Four rats, 10 da 3 -s of age at the beginning of the experiment, received 

7. Bauer, W. ; Aub, J. C, and Albright. F. : J. Exper. Med. 49:145, 1929. 

8. Bauer, Aub and Albright use the term “trabeculae” as a S 3 ’non 3 ’m for 
“spong 3 ' bone.” 
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885 units each during a period of one bundled and ten days. Roentgen 
examination disclosed a diminution in length of the bones, but an 
increase in the number of trabeculae. 

In spite of the fact that their data, as given here, do not seem to sup- 
port their view, Bauer, Aub and Albright concluded that bone trabeculae 
are easily depleted by prolonged administration of parathyroid extract, 
and that these trabeculae serve as the source of readily available calcium. 
To a great degree their conclusions regarding the effects of parath3moid 
extract seem to have been inferred from the observation that adult cats 
show a depletion of trabeculae in the metaphyseal regions of the lower 
end of the femur and the upper end of the humerus following a diet 
low in calcium, and that following a diet high in calcium there is a 
reaccumulation of prominent trabeculae in these regions. Furthermore, 
the}' based their conclusions in part on the fact that intravital staining 
with alizarin red during the periods of feeding large amounts of calcium 
resulted in the deposition of the dye in the newly formed trabeculae. 
It is also interesting to note that no gross changes in the cortices of the 
shafts were reported b}' these authors, although some of their animals 
were kept on a diet low in calcium for a long period of time. 

Regarding the effect of parathyroid extract on the bones of rabbits, 
we believe that Bauer, Aub and Albright should have taken into con- 
sideration the fact that the rabbit is a poor animal in which to follow 
changes in the spongy bone of the ends of the long tubular bones. Nor- 
mally, relatively little spongy bone is present in these locations. In 
addition, a histologic study of the bones of animals is necessary before 
drawing conclusions regarding the absence of changes in the compact 
cortex. We have frequently found extensive resorption of cortical bone 
in our experimental animals on histologic examination, even when the 
gross examination revealed nothing striking. That this also holds true 
when roentgen examination of animal bones is employed as the sole 
means of judging decalcification is obvious. Furthermore, one may ques- 
tion the validity of generalizations concerning the physiologic functions 
of spong}' bone in calcium metabolism, if not based on a histologic 
stud}' of bones that contain considerable spongy elements, such as the 
patellae, vertebrae, tarsal and carpal bones, and the epiphyseal ends of 
the tubular hones. 

On the basis of our experimental work, we believe that the widel}' 
accepted conception of Bauer, Aub and Albright is not tenable, and 
that the following formulation of the mechanism that determines the 
availability of calcium during resorption of the bones is preferable: 
Bone resorption and bone deposition are processes that go on in all bone 
constantly. When the rate of either of these processes is increased, it 
is increased in all hone. Both processes are more rapid in the regions 
of active growth, irrespective of anatomic structure. A mechanism is 
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therefore indicated for rapid decalcification in those regions when a 
condition is present favoring an excess of resorption over deposition. 
In regions of less active bone growth, resorption and dccalcification 
proceed more slowly under normal conditions, and a great stimulus is 
required to produce a considerable degree of resorption. Thus, if we 
are to speak of labile calcium, it is the calcium in the regions of most 
active bone growth ; if we are to speak of less readil}* aA^ailable calcium, it 
is the calcium in the regions of less active growth. 

This conception makes intelligible the pi'onounced susceptibility to 
resorption of the spongy bone of the metaphyses, especially those of the 
rapidl}^ growing long tubular bones; of the costochondral junction; of 
the cortices of the shafts, particularly near the epiphyseal cartilage 
plates ; of the cortices of the ribs used most in the respiratoiy act, and 
of the bones of the skull and of the lower jaw. It also exi^lains why the 
metaphyses of the slower growing short tubular bones show relatively 
little evidence of resorption, while the cortices of the shafts of these 
bones show practically no evidence of resorption. At the same time, 
the spongy bone of all epiphyses and of the tarsal and carpal bones, 
when subjected to conditions producing the lesions described, show at 
the most only general thinning. Furthermore, this conception not only 
makes intelligible the greater susceptibility of the skeletons of actively 
growing young animals to parathyroid extract, compared with the 
skeletons of adult guinea-pigs, but explains also the quantitative differ- 
ences in the response of different bones, and of different portions of 
given bones in animals treated with parathyroid extract. This is 
observed strikingly in young animals, but also to a certain degree in 
older animals. 

It is well known that a supply of available calcium increases the 
hypercalcemic effects of parathyroid extract. A¥e have demonstrated 
this in dogs under conditions in which the effect of recently absorbed 
(alimentary) calcium was eliminated.” Therefore the greater avail- 
ability of the bone calcium in young animals is strongly indicated b}'^ the 
greater ease with which hypercalcemia is produced in young animals even 
of species (like the guinea-pig) which are relatively resistant to 
the effects of parathyroid extract.^® 

The conception of the quantitative relation of bone resorption to tlie 
rate of growth in particular sites may be further extended to include 
endosteal and periosteal resorption. In young, rapidly growing animals, 
with the shafts of tubular bones increasing in diameter, the marked 
degree of subperiosteal resorption that is observed in experimental 

9. Bodansk}", A., and Jaffe, H. L. : J. E.xper. Med. 53:591, 1931. 

10. Bodansky, A.; Blair, J. E., and Jaffe, H. L. : J. Biol. Chem. 88:629, 1930. 
BodanskT, A., and Jaffe, H. L.: J. Biol. Chem. 93:543, 1931. 
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hyperparathyroidism corresponds to the rapid growth in the subperiosteal 
regions in the normal animal. In the older animal, in which normally 
subperiosteal growth is greatly diminished, subperiosteal resorption is 
correspondingly less marked in h3'perparathyroidism, while subendosteal 
resorption becomes by far the more prominent factor. 

While active decalcification with the appearance of osteoclasts is 
probably the specific effect of parathyroid extract on the bones, this is 
marked only in the more rapidly growing portions of the bones. In the 
less rapidly growing portions, as for instance the middle portion of the 
diaphysis of a long tubular bone, a more generalized phenomenon of 
thinning is observed. We believe that this thinning underlies all resorp- 
tion, in h3^perparathyroidism as well as in osteoporosis, and affects the 
compact as well as the spongy bone. It is an expression of the tendenc3^ 
to spread an inadequate quantity of calcium over the entire mass of 
bone. This tendency is related to the growth stimulus, which is seen 
especially in the remarkable longitudinal growth of bone in spite of a 
calcium deficienc3^ This calcium deficienc3^ may be of dietaiy origin 
or may be produced by such agents as parathyroid extract. The picture 
thus produced is analogous to the “smooth bone resorption,” which was 
recognized by the earlier pathologists.^^ 

Ill harmony with our view is also the old observation of Schmorl,^- 
who in 1909 stated, in a discussion of clinical rickets, that the lesions 
appear earliest and are most severe in the regions of rapid growth, and 
the observation of many workers that experimental rickets is most 
easily produced in the rapidly growing animal. 

Regions of rapid growth in bone, in agreement with our view, are 
also most susceptible to the effects of elementary phosphorus and 
lead,^^ which cause the formation of thickets of spongy bone in these 
regions. The work of Park, Jackson and Kajdi showed that lead, 
when taken for a sufficiently long period in sufficient dosage, can produce 
changes in bone, which are most marked where growth is occurring most 
rapidly, namely, at the anterior ends of the middle six ribs, at the lower 
ends of the femurs, at the upper ends of the humeri, at the lower ends of 
the radii and ulnae, and at both ends of the fibulae and tibiae. In two 
children, the bone changes produced b3'- lead were well marked in the 

11. Jaffe, H. L. : Resorption of Bone; Consideration of Underlying Processes 
Particularly in Pathologic Processes, Arch. Surg. 20:355, 1930. 

12. Schmorl, G. ; Verhandl. d. Gesellsch. f. Nat. u. Heilk., 1908-1909, vol. 90. 

13. Wegner, G. : Virchows Arch. f. path. Anat. 61: 44, 1847; 55:11, 1872. 
Phemister, D. B. ; Effect of Phosphorus on Growing Normal and Diseased Bones 
J. A. M. A. 70:1737, 1918. 

14. Park, E. A.; Jackson, D.. and Kajdi, L.: Shadows Produced by Lead in 
X-Ray Pictures of Growing Skeleton. Am. J. Dis. Child. 41:485, 1931. 
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roentgenograms of the fast-growing parts of the skeleton, but were not 
evident in those of the slow-growing parts. The authors concluded that 
while "growth in bone occurs in many places, only where growth occurs 
rapidly do the changes readily reach such magnitude as to show in 
X-ray photographs.” 

It is suggested that the same principle applies in experimental scurvy, 
which shows the so-called characteristic lesions in the regions of active 
growth; the rest of the skeleton of 3mung guinea-pigs on a scurvy-pro- 
ducing diet generally shows the nonspecific effect of the deficiency in the 
form of various degi'ees of thinning (simple atrophy). We reviewed 
the bones of young guinea-pigs suffering from experimental scurvy, 
and found that the specific lesions were generall}'’ confined to the meta- 
physes, to the cortices of the shafts of the long tubular bones, and to the 
costochondral junctions. The spongy bone of the epiph)^ses, at the most, 
showed simple atrophy. However, if a 200 Gm. guinea-pig was placed 
on a scurv3'^-2Droducing regimen, and if severe scurvy developed rapidly, 
lesions were also occasionall3'- noted in the epiphyses. 

It is interesting that a number of clinical diseases of bone occur in 
the epiphyses or in bones that are formed like the epiidiyses. These are 
the so-called osteochondridites — Perthes’ disease, Osgood-Schlatter's 
disease, Kienbock’s disease, Kohler’s disease, etc. It is probable that 
their long clinical course and their slow tendenc3’’ to heal are related to the 
localization of lesions in bones (and in regions of bones) of slow 
metabolic exchange and therefore of slow reparative capacity. 

CONCLUSIONS 

From a stud3'^ of the bones of guinea-pigs with experimental hyper- 
parathyroidism we conclude that the rate of decalcification of the bony 
skeleton at any site is related to the rate of bone growth and metabolic 
exchange at that site. Decalcification and reactive lesions are more 
prominent in experimental h3fperparathyroidism in regions of normally 
active growth of bone and less prominent in regions of less active 
growth. In the latter, simple thinning of the bone is sometimes the only 
change observed. 

This conception makes intelligible the greater susceiDtibilit3^ of young 
animals to i 3 arath 3 n-oid extract and the reported details of the changes in 
the different bones and in the various i^ortions of certain bones in experi- 
mental hy p er parath y r oi di sm . 


15. Jaffe, H. L. ; J. Infect. Dis. 40:502, 1927. 
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Intrathecal injections of dyes and other chemicals have long been 
used in anatomic and physiologic studies. Quincke, for instance, 
injected mercuric sulphide intrathecally, Reiner and Schnitzler ^ potas- 
sium ferrocyanide, Hill ® methylene blue and Lewandowsky ^ sodium 
ferrocyanide, in studying the circulation of the cerebrospinal fluid. It 
is only recently, however, that the intrathecal injection of chemicals has 
been tried as a therapeutic measure in such conditions as syphilis, epi- 
lepsy and meningitis. 

A variety of antiseptics have been studied both for their efficacy in 
sterilizing the meninges and for their toxicity. Seager ® used compound 
solution of cresol in human subjects in 1902. and Wolffi® in 1915 tried 
strong silver protein. Flexner and Amoss in 1916 used both compound 
solution of cresol and strong silver protein in monkeys and found them to 
be harmful. They concluded that not much can be expected from the 
chemical treatment of epidemic meningitis and therefore pinned their 
faith on an immunologic attack ; i. e., specific serums. 

Plateau and Handelsman,® in 1916, employed methenamine, Chinese 
india ink, a colloidal suspension of silver, silver nitrate, formaldehyde 
and iodine, intrathecally, all of which they found to be harmful. 

* Submitted for publication, June 26, 1931. 
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the Nelson Morris Memorial Institute for Medical Research. 

1. Quincke, H. ; Arch. f. Anat. u. Physiol., 1872, p. 153. 
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Wegeforth and Essick.” in 1919, working on cats with experimentall)’^ 
produced meningitis, employed acriflavine, potassium permanganate, 
potassium biniodide, phenol, silver nitrate, benzoyl alcohol, mercuric 
iodide and compound solution of cresol. Continuous lavage, intermittent 
lavage and simple injection of the drug were tried. None of these drugs 
was devoid of toxic effects, even when used in low concentrations. 

Kolmer,^® in 1926, reported using ethylhydrocupreine hydrochloride, 
mercurochrome-220 soluble, metaphen, gentian violet, acriflavine and 
rivanol in the treatment of pneumococcus meningitis in dogs, with disap- 
pointing results. Stewart,^’- in 1927, used ethylhydrocupreine along with 
serums and lavage in the treatment of pneumococcus meningitis in dogs, 
with encouraging results. Moldenschardt,^- in 1929, reported the use 
of colloidal silver in purulent meningitis. Many other antiseptics have 
been tried, and all of them have been found to cause a meningeal reac- 
tion. This fact, per se, however, constitutes no objection to the use of 
chemicals intrathecally, since even serums cause a similar reaction, the 
so-called “serum meningitis.” In fact, Goldman,^^ in 1930, found that 
even the common preservative used in serums, cresol U. S. P., caused a 
definite though not a severe pleocytosis when injected intrathecally in 
its commonl}" emplo 3 'ed concentration (0.4 per cent). 

Of the current chemical antiseptics, mercurochrome-220 soluble and 
metaphen have received the most attention in recent literature as non- 
toxic effective germicides. We therefore deemed it advisable to inves- 
tigate the toxicity of these drugs injected intrathecally, with a view 
toward employing them later in the treatment of meningitis. Our prob- 
lem was (1) to determine their intrathecal sublethal and subtoxic dos- 
ages, (2) to study the morbid anatom}^ following such injections, and 
(3) to determine whether intrathecally tolerated doses of these chemicals 
were bactericidal or efficacious in sterilizing the subarachnoid space. 

TECHNICAL CONSIDERATIONS 

The work reported here was all done on dogs. Because of the 
smaller size of the subjects and because of certain anatomic differences, 
subthecal punctures in dogs are generally more difficult to do and more 

9. Wegeforth, P., and Essick, C. R. : J. Pharmacol. & Exper. Therap. 13:335, 
1919. 

10. Kolmer, J. A. : Pneumococcus and Streptococcus Meningitis, J. A. M. A. 
92:874, 1929; Chemotherap}’^ and Serumtherapy of Pneumococcus and Streptococ- 
cus Meningitis ; Resume of Present Status of Treatment of Septic Meningitis, with 
Recommendation of Method, Arch. Otolaryng. 3:481, 1926. 

11. Stewart, F. W. : Local Specific Treatment of Experimental Pneumococcic 
Meningitis, J. A. M. A. 89:1316, 1927. 

12. A'foldenschardt, H. : Mfinchen. med. Wchnschr. 76:1875, 1929. 

13. Goldman, D. : Serum Meningitis, Arch. Path. 9:1027, 1930. 
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fraught with danger than those in man. Ochsner, Gage and Cutting 
stated that it is virtually impossible to perform successful lumbar punc- 
ture on the dog. We have not found this to be the case, but we must 
admit that the operation calls for a great degree of skill, is somewhat 
uncertain, and is frequently attended by injury to the animal. Knowledge 
of the anatomy involved is therefore essential before attempting sub- 
thecal punctures on this animal. 



Fig. 1. — The anatomic relations of the lumbar cord: A, fifth, sixth and seventh 
lumbar processes ; B, iliac crest ; C, femur ; D, last rib ; E, end of cord, and F, 
cauda equina. The top of the vertebral column has been removed, exposing the 
cord, which extends to the level of the seventh lumbar vertebra. Note the relation 
of the iliac crests to this level. 

In the dog there are, as a rule, seven lumbar vertebrae -(fig. 1) and 
occasionally only six, as compared to five in man. The spinous processes 

14. Ochsner, A.; Gage, I. M., and Cutting, R. A.: Comparative Value of 
Splanchnic and Spinal Analgesia in Treatment of Experimental Ilieus Arch Sure- 
20:802, 1930. ’ ‘ 
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are directed slight!}' cephalad instead of caudad as in man. The cord 
extends down to the level of the body of the last lumbar vertebra, 
instead of to the second lumbar vertebra as in man, narrowing rapidly 
into the conus at the level of the sixth or the seventh lumbar vertebra. 
The cauda equina extends down to the lower level of the sacrum and 
is much shorter than in man. 

An imaginary line drawn through the iliac crests intersects the lum- 
bar column at the sixth interspace. Lumbar punctures can be performed 
through this space, the space above it or the space below it; i. e., through 
the fifth or the sixth lumbar, or through the lumbosacral interspace. 
Punctures above this level are inadvisable, because of the danger of 
injuring the cord. 

The dura in the lower lumbar region is more loosely adherent to 
the bony wall (because of the relatively thicker pad of epidural fatty 
tissue) than in the upper lumbar and thoracic regions, and yields easily 
before the incoming needle, with the result that a dural snap may not 
be felt when the needle enters the canal. For this reason, also, dry 
taps are not infrequent, as the dura may “give” and not be pierced by 
the needle. A similar condition in the human new-born infant and 
prematurely born infant has been described by Glaser to explain the 
difficulty in obtaining fluid by lumbar puncture in these infants. 

The low extent of the cord accounts for the frequency of bloody taps 
and also for the occasional occurrence of a transverse myelitis following 
simple lumbar puncture. 

To keep the animal quiet and thus to minimize the danger of injur- 
ing the cord an anesthetic should be used. We employed morphine- 
ether anesthesia. 

For lumbar puncture, a short bevel needle about 7 cm. in length and 22 gage, 
fitted with an obturator, was used. The anesthetized animal was placed on its 
left side, the back flexed, and the needle inserted into the sixth lumbar interspace 
just to one side of the midline and directed forward, cephalad and medially, at 
an angle of about 45 degrees with the frontal plane, 30 degrees with the sagittal 
plane, and 45 degrees with the transverse plane, being guided by the body of the 
spinous process till the posterior arch was reached. As has been pointed out by 
Dvorak and Manson,^® the lumbar vertebrae in the dog are too closely approxi- 
mated to allow a passage of the needle between them in the midline, except in the 
lumbosacral space. Laterally, however, the interspinous space is amply wide. 
Through this lateral aperture, gentle probing being used, if necessary, the needle 
reaches the subdural space usually about from 3 to 5 cm. from its point of entrance 
into the skin. The cerebrospinal fluid usually trickles slowly out of the needle; 
occasionally it will gush out, and at other times it will slowly drip out. 


15. Glaser, J. ; Cerebrospinal Fluid of Premature Infants, with Special Refer- 
ence to Intracranial Hemorrhage and Pigmentation, Am. J. Dis. Child. 36:195, 1928. 

16. Dvorak, H., and Manson, M. H. ; Proc. Soc. Exper. Biol. & Med. 28:344, 
1930. 
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For cisternal puncture, a needle about 5 cm. in length and about 22 gage, fitted 
with an obturator, was used. In doing cisternal punctures, we prefer the lateral 
position of the dog, the same as for lumbar puncture, to the prone position used by 
Goldman.13 The occipital protuberance was palpated with the index finger and the 
protuberance of the axis with the thumb of the left hand, and the needle was inserted 
midway between these points, being directed upward and forward at an angle of 
about 45 degrees, and directly into the cistern. 

The skull from the occipital protuberance to the border of the fora- 
men magnum, in the dog, slants more obliquely forward than in the 
human being. This should be kept in mind if the indirect method of 
cisternal puncture — that is, feeling one’s way along the skull with the 
needle — is used. The cistern in the dog is relatively smaller than that 
in the human being, so that injury to the medulla is much more likely 
to occur. The cervical cord extends for a distance of about from 0.5 
to 1 cm. into the cranial cavity, so that if the needle is not directed 
obliquely forward and upward, injury to the cervical cord may ensue. 
In spite of all precautions, however, bloody fluids are not uncommon 
following lumbar or cisternal puncture. 

In addition, we have observed the following clinical symptoms and 
sequelae attending simple lumbar puncture : 

1. Jerking of the feet or tail when the cord or nerves were touched by the 
needle. 

2. Listlessness, anorexia, asthenia, ataxia and hyperesthesia of the lower half 
of the body for twenty-four hours after the puncture. 

3. Transverse myelitis due to injury of the cord. 

4. Subarachnoid block, causing subsequent dry taps, arachnoid adhesions being 
found post mortem. 

5. Local subcutaneous hematoma at the site of puncture. 

Subsequent to cisternal puncture, the following sequelae have been 
noted : 

1. Death due to puncture of vital centers in the medulla. 

2. Respiratory embarrassment, i. e., dj'spnea, apnea and Cheyne-Stokes’ respira- 
tion, due to hemorrhage about the cistern. 

3. Asthenia, ataxia, tremors, irritability, loss of equilibrium and anorexia for 
twenty-four hours after the puncture. 

Since the introduction intrathecally of veiy small amounts of material 
can enormously raise the intracranial pressure, the following precautions 
were observed when such injections were made: 

The solution was injected at a temperature of about 40 C., and at a pressure 
of from 20 to 25 cm. w^ater. Pressure readings before and during the injection 
were taken by means of a manometer that was attached either to a two-way stop- 
cock connected to the puncture needle or directly to a second needle placed into the 
subarachnoid space for this purpose. 
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When cistern-lumbar lavage was performed, the temperature of the solution 
was controlled by means of a simple apparatus described by one of us.i^ 
The pressure was controlled by raising or lowering the reservoir containing the 
solution, since the fluid was allowed to flow in by gravity. In order to avoid 
injury to the medulla due to movement of the cisternal needle, we used a com- 
bination guard and retainer on the cisternal needle, whenever cistern-lumbar lavage 
was done. 

Necropsy . — The removal of the cord and brain intact in a dog is a 
tedious, but frequent!}'- a necessary, procedure. After experimenting 
with several methods of performing this part of the necropsy, such as 
sawing off the top of the vertebral column and skull, using a double 
saw rachitome to divide the transverse processes, using trephine openings 
in removing the skull and several other variations, we evolved the fol- 
lowing technic, which we believe to be the simplest, quickest and most 
efficient. By this method it is possible for one person to remove the 
brain and cord intact in from fifteen to twenty minutes. 

The dog’s body is placed prone on a flat table. The skin is split the whole 
length of the back from the snout to the tail and then the subcutaneous tissues 
and muscles are incised along the whole length of the vertebral column, the knife 
passing along each side of the spinal column in the groove between the spinous 
processes and the uppermost projections of the transverse processes. The temporal 
muscles are dissected away from the skull. The transverse processes on each side 
of the spine are then divided by means of a single blade rachitome. The blade is 
placed in the groove on either side of the spinous processes and is sharply struck 
with a heavy wooden mallet. Then, with the use of a sequestrum or bone forceps, 
the top of the vertebral column can easily be lifted off b}’- starting at the sacrum 
and ripping upward to the skull. The remaining edges of the bone can be trimmed, 
if necessary, with a bone-cutter. The skull is then split by three blows, one with 
the rachitome blade placed transversely just posterior to the frontal sinuses and 
the other two with the blade placed successively on each side of the skull, in the 
temporal fossae parallel to the sagittal suture and about midway between the 
midline and the external auditor}’- meatus. The skull can then be lifted off, leaving 
only a centimeter or so of thin bone over the medulla, which can easily be removed 
with a bone-cutter. The spinal cord with its dura and the brain are then removed 
intact in retrograde fashion by beginning with the cauda and dissecting upward. 
The cord and brain may then be fixed in formaldehyde pending further exam- 
ination. 


MERCUROCHROME 

Toxicity . — We attempted to determine the maximum tolerated doses 
of mercurochrome-22 soluble, H. W. & D. (disodium-monohydroxy- 
mercuri-dibromfluorescein) both by intraspinal and intracisternal injec- 
tion in dogs. At the start we were unaware of the great toxicity of this 
drug when injected intrathecally. It soon became apparent that the 
usual 2 per cent or even the 1 per cent mercurochrome was too toxic. 
Therefore, we resorted to the use of 0.25, 0.10 and 0.025 per cent solu- 

17. Perlstein, M. A.: J. Lab. & Clin. Med. 16:837, 1931. 
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tioiis (1 ; 400, 1 : 1,000 and 1 : 4,000). The solution was injected slowly 
by means of a syringe, being continuously mixed with cerebrospinal fluid 
by a process of sufflation during the course of the injection. 

Table 1 indicates the great toxicity of mercurochrome when injected 
into the cistern of a dog. Of seven dogs, in all of which there was no 
postmortem evidence of hemorrhage or trauma due to the puncture itself, 
only two failed to manifest any toxic symptoms. These two dogs 
received the smallest doses, 0.055 and 0.066 mg. per kilogram, respec- 


Table 1. — Summary of Experiments zvifh Iiitracisternal Injection of Merciiro- 

chrome in Dogs 


Dog* 

Weight 
of Dog, 
Kg. 

Amount 

and 

Concen- 
tration of 
Solution 
Injected 

Amount 

Mercuro- 

chrome 

Injected, 

Mg. 

Amount 
Mercuro- 
ehromc 
per Kg., 
Mg. 

Results 

Structural Changes 

1 

4.5 

1 cc. of 
0.025% 
(1:4,000) 

0.25 

0.055 

No toxic symptoms: com- 
plete recovery; dog had 
mange and died 1 wk. 
later 

No stain left; hyper- 
emia of cord and 
brain 

o 

25.0 

1.65 CC. of 
0.10% 
(1:1,000) 

1.65 

0.066 

No toxie symptoms; com- 
plete recovery; dog killed 
13 days later 

No stain left; dilated 
central canal; other- 
wise normal 

3 

10.9 

1.2 CO. of 
0.10% 
(1:1,000) 

1.2 

0.110 

Listlessness for 24 hrs.; 
complete recovery; dog 
killed on seventh day 

No stain left; organiz- 
ing serous leptomen- 
ingitis 

4 

17.2 

1 cc. of 

0.25% 

(1:400) 

2.5 

0.145 

Dog died respiratory death 
within 35 minutes 

Stain covers all of cord 
and base of brain; 
very little over cortex 
and none in lateral 
ventricles; otherwise 
grossly normal 

3 

G.o 

1 CC. of 
0.10% 
(1:1,000) 

1.0 

0.154 

Toxie symptoms (Cheyne- 
Stokes’ respirations, con- 
vulsions, etc.) lasting 1 
hr.; complete recovery 

(Dog ran away six 
weeks later) 

G 

1G.2 

1 cc. of 

1% 

(l:i00) 

10.0 

O.GIG 

Dog died respiratory death 
with convulsions within 
12 min. 

Stain covers cord and 
base of brain, but not 
cortex or ventricles; 
moderate hyperemia 

f 

14.1 

2.5 cc. of 
2% (1:50) 

50.0 

3.542 

Dog died respiratory death 
within 5 min. 

Stain as in dog G; hy- 
peremia 


* One dog is omitted because postmortem evidence of trauma to the medulla was found. 


tively. One that received 0.110 mg. per kilogram was listless for 
twenty-four hours, but made a complete recovery. Another that had 
received 0.154 mg. per kilogram underwent a severe reaction, hovering 
on the lethal, but finally recovered without residual ill effects. In the 
other animals that received 0.145 mg. per kilogram or more, death ensued 
within from five to thirty-five minutes, depending on the dosage 
employed. 

The minimum lethal dose of mercurochrome, when injected into the 
cistern of the dog, would therefore be between 0.110 and 0.145 mg. per 
kilogram, while the maximum subtoxic dose would be between 0.065 
and 0.110 mg. per kilogram. 
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A\'hen injected into the lumbar spine (table 2), the drug was less 
fatal than when injected into the cistern. In fact, a dose as high as 
1.21 mg. per kilogram, the highest dose used, failed to kill the animal. 
Nevertheless, it was very toxic, the subtoxic dose being 0.17 mg. per 
kilogram. Of five dogs receiving 0.22 mg. per kilogram or more of 
mercurochrome intraspinally, all manifested reactive symptoms, such as 


Table 2. — Suiitviary of Experiments zuith Intraspinal Injection of Mercurochrome 

in Dogs 


Amount Amount 

and Amount of 
Concentra- of Mercuro- 
Woight tion of Mercuro- chromo 


Dog 

of Dog, 
Kg. 

Solution 

In.1ectcd 

chrome, 

Jfg. 

per Kg. 
-Mg. 

Results 

Structural Changes 

1 

14.3 

1 cc. of 
0.10% 
(1:1,000) 

1.0 

0.07 

Xo toxic symptoms; com- 
plete recovery; dog killed 
11 wk. later 

Small subdural hemor- 
rhage in lumbar cord; 
otherwise normal 

o 

S.S 

1.0 cc. of 
0.30% 

(i: 1,000) 

1.5 

0.17 

Xo toxic symptoms: com- 
plete recovery; dog killed 
1 mo. later 

Hyperemia of cord and 
brain; organizing se- 
rous meningitis 

s 

7.0 

1.0 cc. of 
0.10% 
(i;i,ooo) 

1.0 

0.22 

Transverse myelitis de- 
veloped, which improved 
so that on nth day dog 
had only slight limp; 
killed on llth day 

Organizing serofibri- 
nous meningitis of 
cord in loner thoracic 
to sacral region 

4 

10.4 

1 cc. of 

0.25% 

(i:400) 

2.5 

0.24 

Immediate mild general 
reaction: transverse mye- 
litis which did not im- 
prove in 0 wk., at which 
time dog was killed 

Lumbar myelomalacia 

5 

9.1 

2 cc. of 
0.20% 
(i:500) 

4.0 

0.44 

Transverse myelitis, which 
cleared up at end of 1 
wk.; dog killed on llth 
day 

Local myelomalacia of 
lumbar cord; organiz- 
ing edema of lumbar 
Eubaraehnoid space 

C 

10.0 

1.1 cc. of 
1% 

(1:100) 

11.0 

1.10 

Xo transverse myelitis: 
dog gave birth to litter 
of pups on 7th day; was 
very weak and irritable, 
and lost weight; killed on 
llth day 

Acute fibrinopurulent 
meningitis 

7 

IG.j 

2 CC. of 

1% 

(1:100) 

20.0 

1.21 

Immediate convulsions and 
dyspnea: attack lasted 40 
min.; transient palsy of 

Lumbar myelomalacia 


upper extremity; trans- 
verse myelitis of lumbar 
cord, whieh did not im- 
prove; dog billed 1 mo. 
later 


anorexia, ataxia, irritability and tremors. In addition, four of these 
showed clinical S 3 'mptoms of transverse myelitis. We are convinced 
that the transverse myelitis in all of these animals was not the I'esult 
of faulty technic, but due rather to the action of the drug proper, since 
there were no postmortem evidences of mechanical trauma, and since 
the incidence of transverse mj-elitis following simple lumbar puncture 
or following the injection of substances other than mercurochrome was 
much less, in our experience, than following the injection of mercuro- 
chrome. The maximum subtoxic dose of mercurochrome intraspinally. 
as evidenced in our work, is therefore between 0.17 and 0.22 mg. per 
kilogram. 



LEV IN SON-PERLSl'EIN— ANTISEPTICS INTRA THECALLY 737 


The relatively greater toxicity of mercurochrome when injected intra- 
thecally than when given intravenously had been previously pointed out 
by Kolraer^® and by McKinley and Holdend” Kolmer determined the 
maximum single tolerated dose of mercurochrome for dogs by intra- 
venous injection to be 35 mg., corresponding to 3.5 cc. of a 1 per .cent 
solution per kilogram. When given intrathecally, he found the maximum 
single tolerated dose to be between 1 and 3 mg. per kilogram. In other 
words, he found that mercurochrome was from 12 to 35 times more 
toxic when injected intraspinally than when injected intravenously. 
These figures were all for normal dogs. In dogs suffering from men- 
ingitis, the intrathecal tolerance for mercurochrome, according to Kol- 
mer, was even less, the maximum tolerated dose for repeated injections 
being between 0.1 and 0.3 mg. per kilogram, or about one tenth of that 
of a normal dog. 

The figures given by Kolmer for the maximum tolerated dose of 
mercurochrome in normal dogs are about 10 times as high as those found 
by us. There is a possibility that the mercurochrome we used contained 
some impurity that might account for its greater toxicity. This is not 
surprising in view of the results of the chemical analyses of four com- 
mercial samples of mercurochrome by Eyre, Notton and Pope."® These 
observers found that whereas the percentage of mercury in the dry 
material should theoretically be 26.7 per cent, it was as high as 40.9 
per cent in one sample and 11.4 per cent in another. Macht and Har- 
den found that the disodium salt of (//hydroxymercuri-dibromfluores- 
cein that was found as an impurity in the earlier batches of mercuro- 
chrome manufactured was much more toxic (by intravenous injection) 
than mercurochrome (disodium salt of nionohydroxymercuri-dibrom- 
fluorescein) itself. Burn and Elphick -- tested eight commercial samples 
of mercurochrome for their toxicity to mice b)'’ intravenous injectirn. 
and found that the most toxic sample was over 3.5 times as toxic as the 
least toxic. It is to be expected that such differences in toxicity would 
be even greater when the drug is injected intrathecally. 

We did not attempt to check this point, for we were primarily inter- 
ested in the action of the mercurochrome that was used in our hospital 

18. Kolmer (footnote 10, second reference). 

19. McKinley, E. B., and Holden, M. : Dangers Attending Intraspinal Treat- 
ment with Mercurochrome, J. A. M. A. 88; 1391, 1927. 

20. Eyre, J. ; Notton, H. E. F., and Pope. W. J. : Brit. M. J. 3:238, 1928. 

21. Macht, D. I., and Harden, W. C. ; T Pharmacol. & Exper. Therap. 32:321 
1928. 

22. Burn, J. H., and Elphick, G. K.: Quart. J. Pharm. & Pharmacol. 3:177 
1930. 



738 


ARCHIVES OF PATHOLOGY 


service and in our laboratories, and because, in any event, it was quite 
evident that even the least toxic mercurochrome was too toxic a drug to 
be used inti'athecally. 

The greater toxicity of mercurochrome when injected intracisternally 
than when injected intraspinally is to be expected because of the prox- 
imity of the vital centers to the point of injection in the cisternal route. 
Kolmer’s statement that the same dosages of mercurochrome are toler- 
ated by intracisternal or intraventricular injection as by intraspinal injec- 
tion has not been borne out by our work. 

Our figures for the single maximum subtoxic doses in normal dogs 
are about the same as those given by Kolmer for repeated injections in 
dogs with meningitis. Since our work witli mercurochrome to date has 
been done only on normal dogs, we have Ijeen unable to check his 
reported greater toxicity of the drug in the presence of meningitis. 
However, it is reasonable to expect that such a difference exists, because 
of the damaged condition of the meninges in meningitis. The lowered 
sugar content of the cerebrospinal fluid in purulent meningitis may also 
be a factor in the greater toxicity of the drug in the presence of a men- 
ingitis, in view of the observation by Macht and Plarden that by 
intravenous injection mercurochrome is less toxic when injected in com- 
bination with dextrose than when injected alone. 

The only other reference we could find in the literature to the toxicity 
of mercurochrome for animals by intrathecal injection is by McKinley 
and Holden, who injected it intraspinally into rabbits. They found that 
doses as low as 0.4 mg. per kilogram, the lowest that they tried, caused 
convulsions and death. In the interpretation of these results in animals, 
it should be remembered, as has been pointed out by Young and his 
co-workers,-^ that by intravenous injection mercurochrome has the same 
toxicity for human beings as for rabbits, being slightly more toxic 
for dogs. 

Bacfei'iddal Activity of Mercurochrome in Vitro . — In order to deter- 
mine whether sublethal doses of mercurochrome would be bactericidal, it 
was necessary to determine the bactericidal action of various dilutions 
of mercurochrome. Thalhimer found that dilutions above 1 .' 1,000 
were not bactericidal to twenty-four hour broth cultures of Bacterium 
t 3 ^phosus in fifteen minute exposures. Kolmer found the range of 
final bactericidal dilution of mercurochrome in purulent cerebrospinal 
fluid containing pneumococci and streptococci to vary from 1 : 400 to 

23. Young, H. H. ; Hill, J. H., and Scott, W. W. : Treatment of Infections 
and Infectious Diseases with Mercurochroine-220 Soluble; Analysis of 210 Cases 
that Furnish Many Definite Examples of Sterilisans Magna, Arch. Surg. 10:813, 
1925. 

24. Thalhimer, W. : Personal communication to the authors. 



LEVINSON-PERLSTEIN— ANTISEPTICS INTRATHECALLY 739 


1 : 1,000. Birkhaug found the highest dilution of mercurochrome that 
would kill Staphylococcus aureus, Streptococcus hemolyticus, B. coli. 
Gonococcus, B. anthracis and B. subtilis to be 1 : 320. We found the 
highest dilution of mercurochrome in salt solution that would kill a 
twenty-four hour broth culture of B. coli after five minutes’ exposure 
to be 1 ; 1,000, using one loopful of a suspension of the organism to 
0.5 cc. of the chemical. When dilutions were made with cerebrospinal 
fluid, instead of with salt solution, the results were the same, indicating 
that the cerebrospinal fluid itself has no significant bactericidal action. 
Since the maximum sublethal dose of mercurochrome by intracisternal 
injection is less than 0.145 mg. per kilogram, or for a 10 kilogram 
(22 pound) dog, 1.45 cc. of a 1 : 1,000 solution or for an adult person 
weighing 60 kilograms (132 pounds) about 8.7 cc. of a 1 : 1,000 solution 
or 0.87 cc. of a 1 per cent solution, the futility, as Kolmer has pointed 
out, of attaining by simple injection a bactericidal action in the sub- 
arachnoid space of aity therapeutic value is evident. 

Lavage. — Since by intraspinal and intracisternal injections such small 
quantities and concentrations of mercurochrome must be used as are 
barely bactericidal to begin with, and therefore certainly not bactericidal 
after dilution in the subarachnoid space, we decided to test out, by 
lavage from the cistern to the lumbar region, the toxicity of a 1 : 1,000 
(0.1 per cent) solution of mercurochrome, that is, the highest dilution 
that we found to be bactericidal. It was thought that perhaps by this 
means of withdrawing part of the mercurochrome solution a sublethal 
bactericidal dose might be maintained in the subarachnoid space. Lavage 
from the cistern to the lumbar region was therefore performed in four 
dogs. In all there was a fatal outcome. The protocol of one of these 
experiments, which is illustrative of the others, follows : 

Sept. 26, 1930 : Dog PS3P was used. The weight of the animal was 14.5 Kg. 
It was placed under morphine-ether anesthesia, and lumbar and cisternal punctures 
were performed. Clear fluids were obtained with cell counts of 3 lymphocytes and 
1 lymphocyte, respectively (samples A and B, respectively). 

At 3:37 p. m., treatment was started by lavage from a cisternal to a lumbar 
needle with 0.1 per cent mercurochrome in physiologic solution of sodium chloride 
at body temperature at a pressure of 22 cm. of water. 

At 3 : 41 p. m., 4 cc. was collected at the lumbar needle, mercurochrome becom- 
ing visible in the lumbar fluid. 

At 3:46 p. m., 9.5 cc. was collected (sample C taken). 

At 3: 50 p. m., 14.5 cc. was collected (sample D taken), fluid running in well. 

At 3 : 53 p. m., 21 cc. was collected ; the dog’s respiration was a little deeper. 

25. Birkhaug, K. E. : Metaphen (4-Nitro-3, 5-Bisacetoxy-Mercuri-2-Cresol : 
Comparative Study of Commonly Used Disinfectants and Antiseptics; Histologic 
Changes Produced by Intravenous Administration of Metaphen in Rabbits, T. A 
M. A. 95:917, 1930. 
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At 3:55 p. m., 28 cc. was collected (sample E taken), respiration becoming- 
more rapid. 

At 3:59 p. m., 36 cc. was collected (sample F taken). The breathing was 
irregular, gasping; the dog’s head was kept retracted, and the body was stiff. The 
(isternal needle was removed twenty-two minutes after the start of the lavage and 
after 40 cc. of 0.1 per cent mercurochrome had been introduced into the cistern. 
Anesthesia was stopped. 

At 4:01 p. m., 5.5 cc. more was collected from the lumbar needle after the 
cessation of the introduction of fluid, making a total of 41.5 cc. collected. 

At 4: 04 p. m., 1.5 cc. more was collected at the lumbar needle, making a total 
of 43 cc. collected ; the fluid was coming very slowly, about 1 drop a minute ; the 
needle was removed from the lumbar canal. The dog’s respiration was a little 
better. 

At 4 : 14 p. m., the animal was coming out of the ether. The head was still 
kept retracted ; the respiration was still a little rapid, but regular. 

Summary of Lavage : The elapsed time was twentj^-two minutes ; the amount 
introduced, 40 cc. ; the amount removed, 36 cc. In the five minutes after stopping 
lavage, 7 cc. more was collected at the lumbar needle. 

Colorimetry : With the use of a Duboscq colorimeter, the specimens taken at 
various stages during the lavage were compared with the original 0.1 per cent 
solution of mercurochrome for intensity of color : Sample C showed 26 per cent, 
sample D 36 per cent, sample E 59 per cent, and sample F 52 per cent, of the 
original color. 

Bactericidal Activity: The last specimen (F) of lavaged fluid was tested for 
bactericidal action against a twenty-four hour broth culture of B. coli, the cere- 
brospinal fluid before lavage (sample A) and the 0.1 per cent mercurochrome 
solution being used as positive and negative controls, respective!}'. It was found 
that both the mercurochromized lavaged fluid and the original 0.1 per cent solution 
were bactericidal to these organisms after fifteen minute e.xposures. (It should be 
pointed out that a different strain of B. coli from that to which mercurochrome 
was found to be bactericidal only in 1 : 1,000 dilution was used in these tests.) 

Sept. 27, 1930: The dog was unable to get up. It had been comatose since 
lavage. It moved its fore legs, but apparentl}' not its hind legs. Ether anesthesia 
was given. Lumbar puncture yielded 2 drops of thick, blood-tinged fluid that did 
not flow through the needle. B}' cisternal puncture, 1.5 cc. of pinkish fluid was 
obtained that clotted immediatel}'. Chemical examination of this fluid revealed the 
total nitrogen to be 0.49 Gm. per hundred cubic centimeters. The total protein 
was 3.06 Gm. per hundred cubic centimeters. Practicall}' all of the protein con- 
sisted of albumin, there being onlj' a minute quantity of globulin present. 

Twenty hours after the lavage, the dog was moribund. It was then anesthetized 
and killed. 

Postmortem Examination : A mercurochrome stain was present all over the 
cord and the base of the brain, but not over the hemisphere nor in the lateral 
ventricles. There was a moderate hj'peremia of the blood vessels over the surface 
of the cord and brain. There were hemorrhages, varying in size from that of a 
p.npoint to that of a pinhead and in some places to that of a split pea, scattered 
throughout the white matter and involving practically all of it, and extending to 
a smaller degree into the gray matter of the cord, medulla and pons (fig. 2). The 
changes were greatest in the region of the medulla and cervical cord, gradually 
becoming less marked above and below this point, so that in the lumbar region 
there were only one or two such areas of hemorrhage, while the sacral and caudal 
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areas looked normal. There was a blood clot in the fourth ventricle extending- 
up into the third, but not into the lateral ventricles. In one area it encroached on 
the cerebellar substance. There were no changes above the level of the optic 
chiasma, except for the presence of perivascular white streaks in the sulci at the 
base of the brain (exudate). Histologically, in addition to the areas of hemor- 
rhage in the meninges and in the brain and cord, there was an acute purulent 
leptomeningitis. 

The dilution of mercurochrome in the subarachnoid space is probably 
in the nature of a defensive mechanism, i. e., an attempt on the part of 
the choroid plexus and meninges to dilute a circulating poison by an 
increased output of cerebrospinal fluid. Colorimetric comparison of suc- 




Fig. 2. — Sections of the brain and of the cord of a dog lavaged with 0.1 per 
cent mercurochrome in ph 3 '^sio'.ogic solution of sodium chloride. The sections of 
the formaldeltyde-hardened cord and brain are, beginning at the top, through the 
fourth ventricle, upper cervical, upper thoracic, lower thoracic, lumbar and lumbo- 
sacral cord. The diffuse and punctate hemorrhages involve mainly the white mat- 
ter, being most marked in the cervical region and becoming less marked caudad and 
cephalad. The actual size is shown. 

cessive specimens of lavage fluid collected at the needle of exit with the 
original solution introduced, indicates that the intrathecal concentration 
of mercurochrome increases as the lavage progresses. This may possibly 
be interpreted as a gradual failure, through exhaustion, of the choroid 
plexus and meninges to produce sufflcient cerebrospinal fluid to dilute 
the mercurochrome, with the result that a lethal concentration of the 
drug in the subarachnoid space is attained. 
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METAPHEN 

Toxicity . — There is no reference in the literature regarding the 
intrathecal toxicity of metaphen (4-nitro-3, 5 diacetoxy-mercuri-2- 
cresol). B)" intravenous injection, Raiziss and Severac"® found that 
white rats tolerated the drug well in doses of 4 mg. per kilogram, and 
Birkhaug reported that for rabbits doses of 3 mg. per kilogram, were 
well borne. Kolmer,-" who used metaphen intrathecall)" in dogs, did not 
state how toxic it was by this route. 

We used forty-one dogs in studying the effect of the intrathecal 
injection of metaphen. Twenty dogs were given the drug by the cisternal 
route, eleven by the spinal route and ten were lavaged with metaphen 
from the cisternal to the lumbar needle. In order to exclude as far as 
possible the factors of trauma and hemorrhage as causes of changes 
following the injection of metaphen, fifteen dogs in which punctures 
resulted in blood}'^ fluids or in needle puncture trauma were omitted from 
the tables, and all brains and cords were examined for evidences of such 
trauma. 

Table 3 is a summary of the results of the intracisternal injection of 
metaphen in fourteen dogs. 

The maximum subtoxic dose was between 0.103 and 0.119 mg. per 
kilogram. The dogs receiving between 0.119 and 0.156 mg. per kilogram 
manifested toxic symptoms, but recovered, or apparently would have 
recovered if they had not been put to death. The one receiving 0.183 
mg. per kilogram was killed when death impended thirteen days after 
the injection. One receiving 0.528 mg. per kilogram died on the third 
day. The minimum lethal dose of metaphen, when injected into the 
cistern, was therefore between 0.156 and 0.183 mg. per kilogram. 

The animals that recovered manifested surprisingly few sj^ptoms 
clinically to indicate that they had received a foreign substance intra- 
thecally. Aside from a listlessness or inactivity that rarely amounted to 
stupor, anorexia and mild asthenia that lasted for one or two days, these 
dogs acted normally ; no permanent after-effects were noted. In two 
dogs that received 0.095 and 0.119 mg. per kilogram, respectively, there 
occurred more severe reactions. They remained weak and ataxic up to 
the time that they were killed on the fourth day. In each of these dogs, 
however, cisternal hemorrhages were found post mortem that may have 
been of traumatic origin ; but these dogs are included in the series because 
clear fluids were obtained at the time of puncture, and because it was 
doubtful whether the hemorrhages were the cause of the symptoms. 
Two dogs which had apparently fully recovered twenty-four hours after 

26. Raiziss, G. W., and Severac, M.; J. Lab. & Clin. Med. 9:71, 1923; J. 
Infect. Dis. 40:447, 1927. 

2/. Kolmer (footnote 10, first reference"). 



Table 3. — Summary of Experiments zuith Intracistcrnal Injeetion of Metaphen 

in Dogs 


Amount 

and Amount Amount 
Concentra- Met- Met- 
Weight tion of aphen aphen 
of Dog, Solution Injected, per Kg., 


Dog* 

Kg. 

Injected 

Mg. 

Mg. 

Results 

Structural Changes 

1 

6.4 

1 cc. of 
1:10,000 

0.1 

0.016 

No toxic symptoms; com- 
plete recovery; dog 
killed on 12th day 

No changes 

2 

5.9 

1 cc. of 
1:10,000 

0.1 

0.017 

No toxic symptoms; com- 
plete recovery; dog 
killed IG days later 

No changes 

3 

4.5 

1.5 cc. of 
1:10,000 

0.15 

0.033 

During the injection dog 
stopped breathing, re- 
suscitated; complete re- 
covery; killed 1 mo. 
later 

Kibrotic thickening of 
the meninges 

4 

7.3 

1 cc. of 
1:2,500 

0.4 

0.055 

No toxic symptoms; com- 
plete recovery; dog killed 
10 days later 

Small epidural hemor- 
rhage at level of cis- 
tern 

5 

6.S 

0.5 CC. of 
1:1,000 

0.5 

0.073 

Weakness for 12 hr.; ap- 
parent recovery after 24 
hr.; dog died during an 
attempted repuncture of 
cistern 

Needle-track traumatic 
hemorrhage in me- 
dulla; subdural hem- 
orrhage; serofibrinous 
leptomeningitis 

6 

7.8 

1.5 cc. of 
1:2,500 

O.G 

0.077 

No toxic symptoms; com- 
plete recovery; dog killed 
on 3d day 

Acute serofibrinous lep- 
tomeningitis 

7 

6.3 

0.0 cc. of 
1:1,000 

O.G 

0.093 

Listlessncss and surliness 
for 2 days; asthenia on 
4th day; dog killed on 
4th day 

Traumatic hemorrhage 
in medulla and over 
base of brain; acute 
serofibrinous 1 e p t o- 
meningitis 

8 

C.8 

0.7 cc. of 
1:1,000 

0.7 

0.103 

No toxic symptoms; com- 
plete recovery; dog 
killed on 15th day 

Edema and flbrotic 
thickening of the lep- 
tomeninges 

9 

12.7 

1.4 cc. of 
1:1,000 

1.4 

0.110 

Dog walking about 24 
hr. later; cistern repunc- 
tured and bloody fluid 
obtained; dog died the 
next day, apparently ns 
result of second punc- 
ture 

Subarachnoid h c m o r- 
rhages over cord and 
base of brain; sero- 
fibrinous leptomenin- 
gitis 

10 

5.9 

0.7 cc. of 
1:1,000 

0.7 

0.119 

Dog listless; able to walk 
on 2d day, but remained 
asthenic and ataxic, es- 
pecially in hind legs; 
killed on 4th day 

Pibrinopurulent lepto- 
meningitis; small cis- 
ternal hemorrhage 

11 

7.7 

1 cc. of 
1:1,000 

1.0 

0.130 

Dog apparently fully re- 
covered when killed 24 
hr. later 

Pibrinopurulent lepto- 
meningitis 

12 

G.4 

1 cc. of 
1:1,000 

1.0 

0.15G 

Dog apparently fully re- 
covered when killed 24 
hr. later 

Acute serofibrinous lep- 
tomeningitis 

13 

5.5 

1 cc. of 
1:1,000 

1.0 

0.183 

Dog stuporous for sev- 
eral days, finally laps- 
ing into coma; killed 
when moribund on 13th 
day 

Necrosis of small area 
in medulla; chronic 
healed fibrinous men- 
ingitis 

14 

7.G 

4 CC. of 
1:1,000 

4.0 

0.528 

Dog lethargic; died on 
3rd day 

Acute serofibrinous men- 
ingitis 


whom had histologic evidence of an aseptic leptomeningitis were 
omitted from this series because death was definitely due to trauma at first puncture. 
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the injection, and which were repunctured at that time to obtain cerebro- 
spinal fluid for examination, died. The}" were included in the series 
because necropsy revealed extensive basal and cisternal hemorrhages in 
both animals and, in one also a fresh needle-track hemorrhage in 
the medulla, which we attributed to trauma incurred at the second 
puncture. 

When injected into the spine, metaphen was less lethal than when 
injected into the cistern. In fact, a dose of 0.220 mg. j^er kilogram 


Table 4. — Summary of Experiments zvith Iiiiraspinal Injection of Metaphen 

ill Dofjs 


Amount Amount 


Dog- 

Weight 
of Dog, 
Kg. 

Amount iUet- 
of aphen In- 
Solution jeeted. 
Injected Mg. 

Jlct- 
aphen 
per Kg. 
Mg. 

Kcsults 

Structural 

Change.^ 

1 

G.G 

1 cc. of 
1:10,000 

0.1 

0.015 

Complete recovery; no toxic 
symptoms; dog hilled 8 
wk. later 

No changes 

2 

3.9 

1 cc. of 
1:10,000 

0.1 

0.02G 

Complete recovery; no toxie 
symptoms: dog killed 1 
mo. later 

No changes 

3 

C.S 

2 cc. of 
1:5,000 

0.4 

0.059 

Complete recovery; dog 
killed 2 wk. later 

Moderate hyperemia of 
cord, brain and lepto- 







meninges 

4 

9.7 

1.5 cc. of 
1:2,500 

Q.Q 

0.QG2 

Complete recovery; dog 
killed on 21st day 

Early fibrinous _ lepto- 
meningitis limited to 
cord region 

5 

G.S 

1.5 cc. of 
1:2,500 

0.6 

O.OSS 

No toxic symptoms; com- 
plete recovery; dog died 
of pneumonia 9 days later 

Edema of leptomen- 
inges 

C 

S.2 

2 cc. of 
1:2,500 

0.8 

0.097 

No toxic symptoms; dog 
apparently recovering; 

killed on 2d dny 

Edema of leptomen- 
inges 

7 

S.7 

3 cc. of 
1:2,500 

1.2 

0.138 

Complete recovery; no toxic 
symptoms; dog died 1 ino. 
later of pneumonia 

Hyperemia of lepto- 
meninges and cord 

S 

14.5 

5 cc. of 
1:2,500 

2.0 

0.138 

Dog lethargic and died 10 
hr. later 

Eibrinopurulent lepto- 
meningitis limited to 
cord region 

9 

G.S 

1.5 cc. of 
1:1,000 

1.5 

0.220 

Dog listless for several 
days; complete recovery; 

No changes 


tiilled on 21st dny 


Two dogs were omitted from tljc series because both had traumatic transverse myelitis. 


(table 4) failed to kill the dog into which it was injected intraspinally, 
Avhereas one of 0.183 mg. per kilogram killed the animal that received it 
in the cistern. One dog that received only 0.138 mg. per kilogram died 
ten hours after the injection, whereas two other dogs that received 
0.138 and 0.220 mg. per kilogram, respectively, did not die. We believe 
that this apparent contradiction was due to the fact that the first dog, 
which succumbed, was one of our earlier animals in which the injection 
was made without proper control of the pressure. In view of our later 
knowledge that even small injections may enormously increase the intra- 
cranial pressure, we believe that death in this dog was attributable not 
to the toxic effect of metaphen, but to increased intracranial pressure. 
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In only one dog were there clinical symptoms of a severe reaction. This 
was one which was given the maximum dose of 0.220 mg. per kilogram, 
and which was stuporous for several days afterward, but which finally 
completely recovered, being killed three weeks later. 

The maximum subtoxic dose of metaphen by- intraspinal injection 
was therefore between 0.138 and 0.220 mg. per kilogram. 

Lavage . — Ten dogs were lavaged from the cistern to the lumbar 
region with metaphen. Both a 1 : 10,000 and a 1 : 25,000 dilution of 
metaphen in physiologic solution of sodium chloride were used. 

The average time of a lavage was between twent}’ and thirty minutes, 
during which from 30 to 40 cc. of fluid was allowed to run into the 
cistern, and about from 50 to 80 per cent of this amount of fluid was 
collected at the lumbar region. It took between one and a half and three 
minutes for the fluid introduced at the cistern to appear at the lumbar 
region. This determination was made by adding some methylene blue 
to the original solution and noting the first appearance of the colored 
fluid at the needle of exit. 

Lavage is attended with many accidents to the dog incident to the 
movement of the dog or to that of the needle during the course of the 
experiment, so that five of these dogs died either during the lavage 
experiment or within the following thirty-six hours as a result of medul- 
lary or cisternal trauma. Of the five that recovered, one died two weeks 
later of a confluent bronchopneumonia, and four were put to death six 
weeks later after their complete recovery. The symptoms manifested 
by the animals that recovered were generally the same as those following 
the simple injection of metaphen, i. e., listlessness and irritability, which 
generally disappeared in a few days. Although one dog that recovered 
was lavaged with a 1 ; 10,000 solution, we are not certain that such a 
concentration is harmless when large amounts are employed. However, 
cistern-lumbar lavage with a 1 : 25,000 solution of metaphen was found 
to be well tolerated. 

Bactericidal Activity . — Metaphen (4-nitro-3, 5-diacetoxymercuri-2 
cresol) was introduced by Raiziss and Severac as an antiseptic with a 
high bactericidal coefficient and a low toxicity. These observers found 
that in twenty-four hours it inhibited the growth of S. aureus in dilu- 
tions up to 1 : 20,400,000. In one minute exposures in a 50 per cent 
serum, metaphen destroyed this organism in a 1 : 10,000 dilution, being 
ten times more powerful than hexyh'esorcinol S. T. 37 and twenty-five 
times more powerful than mercurochrome- under the same conditions. 

Birkhaug,-® comparing various germicides for their bactericidal 
activity against several organisms, obtained similar results. Compared 
with phenol as having a bactericidal coefficient of 1 for B. coli after 
forty-eight hours’ incubation, he found that metaphen had a phenol coefifi- 
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cient of 250, hex 3 dresorcinol one of 50, mercuric chloride one of 125, 
tincture of iodine one of 38 and mercurochrome one of 2. He found 
the highest dilution of metaphen in distilled water capable of killing 
B. coli, the most resistant of all oi'ganisms that he tried, after ten, but 
not after five, minutes’ contact, to be 1 : 20,000, compared with 1 ; 160 
for mercurochrome. 

When diluted in equal parts of blood serum and distilled water, all 
of the antiseptics showed markedly reduced antiseptic power. Under 
these conditions, Birkhaug found that metaphen was still a more effec- 
tive bactericide than any of the other antiseptics that he used, being over 
sixty times more powerful than mercurochrome. 

Thalhimer found that for exposures of two and one-half minutes 
metaphen was bactericidal to a twenty-four hour broth culture of B. 
typhosus in dilutions up to 1 ; 50,000. For fifteen minute exposures, he 
found it to be bactericidal in dilutions up to 1 ; 100,000. 

Since the presence of blood serum, according to Birkhaug, dimin- 
ished the bactericidal power of metaphen to one tenth of its value when 
it was diluted in distilled water, we first determined whether cerebro- 
spinal fluid had such an inhibitoiy effect. 

We found that metaphen when diluted either in physiologic solution 
of sodium chloride or in equal pai*ts of cerebrospinal fluid and plysiologic 
solution of sodium chloride was bactericidal to twenty-four hour, broth 
cultures of B. coli in five minute exposures in dilutions of 1 : 50,000 and 
in fifteen minute exposures in dilutions of 1 : 100,000. The average 
phenol coefficient of metaphen diluted in physiologic solution of sodium 
chloride was 642, the same as its phenol coefficient when it was diluted 
in 50 per cent cerebrospinal fluid. It is therefore apparent that normal 
cerebrospinal fluid has practically no effect on the bactericidal activity 
of metaphen. As compared with mercurochrome, which we found to be 
bactericidal in 1 : 1,000 dilution, under similar conditions, metaphen was 
found to be over 50 times more bactericidal. 

CEREBROSPINAL FLUID CHANGES 

The intrathecal injection of practically any substance is followed by 
changes in the cerebrospinal fluid. These changes were studied in 
twenty-eight dogs, twenty after the injection of metaphen and eight 
after the injection of mercurochrome. 

Within one hour after the injection of the chemical, provided the dog 
did not die before this time, the cerebrospinal fluid manifested changes 
that persisted for from three to seven days, depending on the severity 
of the reaction. The fluid was tinged fluorescent pink for several hours 
after the injection of mercurochrome or yellow after the injection of 
metaphen. It was usually clear, but at times was turbid. The cerebro- 
spinal fluid pressure was increased, except in those cases in which the 
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fluid was too thick and gelatinous to flow freely through the needle; 
in these cases, the pressure was decreased. Within twelve hours there 
occurred an increase in the protein content of the fluid, at times slight 
and at other times so great that the fluid coagulated almost immediately 
after withdrawal from the body. This increase in protein was prac- 
tically all albumin, there being hardly any increase in globulin. The 
coagulum that formed was composed of fibrin, and contained many 
polymorphonuclear leukocytes, 13 '^mphocytes and eiythrocytes. 

The cell content of the fluid was increased. There was usually an 
exudation of er 3 flhrocytes first, as observed by Kolmer following 
intrathecal injections of mercurochrome, up to several thousand per cubic 
millimeter. This initial exudation of erythrocytes probably accounts for 
the 3 '^ellow color and positive benzidene reaction of the fluid obtained at 
subsequent punctures. The white blood cells were also increased in 
number and were both of the polymorphonuclear and lymphocytic type, 
the former predominating. There were frequently over 1,000 cells per 
cubic millimeter. In two cases, after injection of metapben, many so-called 
endothelial cells were present also. In four instances in which metaphen 
was administered, and in which the cerebrospinal fluid contained an 
increase in protein so marked that the fluid coagulated within a few 
minutes after its withdrawal, the cell counts were relatively low, being 
4, 13, 15 and 75, respectively. This phenomenon of albuminocytologic 
dissociation we have been unable to explain. It may be due to the same 
cryptogenic mechanism that is responsible for the similar changes occur- 
ring in the cerebrospinal fluid in the Froin syndrome of spinal sub- 
arachnoid block. 

Cultures and smears made from the cerebrospinal fluid were repeat- 
edty negative for organisms, indicating that the changes in the fluid were 
due to an aseptic meningitis. The cerebrospinal fluid changes enumer- 
ated occurred even when as little as 0.015 mg. of metaphen per kilogram 
(the lowest dose that we used) was injected intrathecally. 

PATHOLOGY 

The brains and cords were fixed in 4 per cent formaldehyde and 
histologic sections were stained with hematoxylin-eosin and Sudan III, 
and b 3 ^ the method of Pal-Weigert. In addition, bacterial stains were 
made when indicated. 

Following the injection of mercurochrome or of metaphen, as follow- 
ing the injection of practically any substance into the subarachnoid space, 
there occurred a meningeal reaction. 

This reaction was observed to var 3 ’- from simple h 3 ’-peremia and 
edema of the meninges to serofibrinopurulent aseptic leptomeningitis, 
depending on the amount of the drug injected, the individual suscep- 
tibility of the animal to the drug and the length of time elapsed between 
the injection and the necrops 3 L 
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Grossly, the cords and brains showed scant changes, even when the 
clinical symptoms were severe. At times there was a small localized 
subdural hemorrhage at the site of puncture, and in the more severe 
meningeal reactions perivascular white streaks in the sulci were visible, 
especially over the base of the brain. Frequently there was hyperemia of 
the blood vessels of the brain and cord. 

After the injection of inercurochrome, the distribution of the dye 
over the cord and the brain varied with tlie site of the injection and the 



Fig 3 — Edema of the spinal subarachnoid space eleven days after intraspinal 
injection of mercurochrome. There is practicalb’' no cellular reaction; hematoxylin 
and eosm; X about 120. 


amount injected. In general, it was found over the cord, the medulla 
and the base of the brain. When the injection was made into the cistein, 
the dye had a wider distribution ov^er the base of the brain and the cortex 
than when injected into the spine. Sometimes, with larger amounts, the 
stain partially covered the cortex. Only when ^ ery large quantities were 
injected, however, were the lateral ventricles stained. The order ot 
frequenc} of distribution of the dye. when injected intrathecally was, 
cord, medulla and pons, base of brain, cortex and finally ventricles. The 




Fig. 4. — ^Acute aseptic serous meningitis five daj-s after injection of inercuro- 
chrome. There are many endothelial and relatively few polymorphonuclear cells 
present in the subarachnoid space ; hematoxylin and eosin ; X about 200. 





r 't; V.. 


Fig. 5. — Purulent exudate in the leptomeninges twent}--four hours after injection 
of mercurochrome ; hematoxylin and eosin; X about 120. 
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stain did not appear to penetrate below the pia mater and disappeared 
within a few days. 

Histologically, however, there were evidences of the presence of an 
aseptic meningeal reaction even in animals receiving minimal doses of 
the drugs, the cords and brains of which appeared grossly normal. The 
changes were essentiall)'’ the same regardless of the drug used. 

Early there occurred a hyperemia with some diapedesis of erythro- 
cytes into the subarachnoid space. The spaces were distended by edema 
or by fibrinous exudate (fig. 3). There was usually an increased 



Fig. 6 — Organizing fibrinopurulent meningitis eleven da 3 'S after intraspinal 
injection of mercurochrome. The predominating cells are fibroblasts, polymorpho- 
nuclear leukocides and endothelial cells; hematoxjdin and eosin; X about 180. 


number of polymorphonuclear leukocytes, l}an2)hoc}’tes and endothelial 
cells (fig. 4). In the more severe reactions there was a frankly purulent 
exudate in the subarachnoid space (fig. 5). If the dogs were killed from 
five to six days after the injection, there were usually maity fibroblasts 
and plasma cells present in the leptomeninges (fig. 6). After several 
weeks, all that was left to indicate that a meningeal reaction had occurred 
was a fibrotic thickening of the meninges. Frequently, if the dog was 
killed from two to three weeks after the injection, no residual pathologic 
changes were discernible. 
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In those dogs in which transverse myelitis occurred, there were 
degeneration of the white matter as seen in Pal-Weigert stains and 
replacement of the gray matter by debris, granule cells and glial cells 
(figs. 7 and 8). In one dog in which clinical transverse myelitis devel- 
oped, the symptoms were explained on the basis of a localized fibrinous 



Fig. 7. — Necrosis of the gray matter of the cord eleven days after inlraspinal 
injection of mercurochrome. The normal tissue is replaced by granule cells and 
glial cells ; hematoxylin and eosin ; X about 200. 


meningitis of the cord. Except for hyperemia, there were no other 
changes in the parenchyma of the cord and brain. Bacterial stains 
revealed no organisms. Except for an occasional small fat droplet in 
the meninges and about the central canal, sudan Ill-stained sections also 
showed no morbid changes. 
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In dogs that received lethal doses of mercurochrome into the cistern, 
except for the stained leptomeninges, the histologic conditions weie 
entirely normal. This may have been because death occurred befoie 
detectable changes had time to occur. 

As described, dogs in which laA'age with a 0.1 per cent mercuro- 
chrome was performed frequently had, in addition to the meningeal 
reaction, changes in the cord and brain stem consisting of disseminated 
areas of hemorrhage and necrosis. 



Fig 8. — Higher magnification of granule cells in necrotic foci. These are 
large, pale cells with a latticed cytoplasm and with an eccentrically placed o^’al 
nucleus ; hematox 3 'lin and eosm ; X about 350 

COMMENT 

In our search for a powerful antiseptic with a low intrathecal toxicity, 
tve studied the effect of the intrathecal injection of mercurochrome and 
of metaphen. It became apparent early in our work that the strength of 
the chemical was not so much a factor as the dosage in milligrams per 
kilogram of body weight. Thus, dogs that were treated by injection ol 
1: 1.000 solution of metaphen did not show any more severe symptoms 
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than those that were treated by injection of a 1 : 10,000 solution, pro- 
vided the dose in milligrams per kilogram was approximately the same. 

The dosages in milligrams per kilogram are given in table 5, which 
summarizes the results that we obtained with these chemicals. Equivalent 
dosages are also given for an adult human being weighing 60 kilograms 
(132 pounds). It is evident that both these drugs have a high intra- 
thecal toxicity, both being somewhat less toxic when injected into the 
spinal subarachnoid space than when injected into the cistern. Of the 
two, metaphen is the less toxic and less lethal. Not only are its intra- 
cistenial subtoxic and sublethal doses less than those of mercurochrome, 
but the margin of safety between the subtoxic and the lethal dose is 
greater for metaphen. Morevover, we observed that the dogs receiving 

Table 5. — Comparison of Maximum Subtoxic anil Minimum Lethal Doses of 

Mercuroehrome and Metaphen 


Maximum Subtoxic Dose Minimal Lethal Dose 

A- - A 


Method Mercurochrome 

Metaphen 

Mercurochrome 

Metaphen 

Intraeisternal injection 

Mg. per Kg. body weight 

0.07-0.11 

0.10-0.12 

0.11-0.15 

0.10-0.18 

Cc. of 1:1,000 solution for 00 Kg. 
(132 lb.) adult human being 

4.0 -6.0 

6.0 -7.2 

6.0 -8.7 

9.0 -lO.S 

Intraspinal injection 

Mg. per Kg. body weight 

0.17-0.22 

0.14-0.22 

(Highest (Highest 

dose used, dose used, 

1.21 Mg. per 0.22 Mg. per 
Kg., not fatal) Kg., not fatal) 

Cc. of 1:1,000 solution for 00 Kg. 
(132 lb.) adult human being 

9.9 -13.2 

S.:3 -13.2 




lethal doses of metaphen intracisternally, usually died from one to 
thirteen days after the injection, apparently as a result of the severe 
aseptic meningitis. However, those that succumbed to the injection of 
mercurochrome into the cistern usualty died a respiratory death, within 
thirty minutes after the injection, indicating that there was a direct 
action of the drug on the vital medullary centers. The fact that the 
medullary nuclei appeared normal on histologic examination does not 
disprove this theory. 

Intraspinally, practically the same subtoxic doses were found for 
both drugs. Minimum lethal doses by this route were not given, because 
the animals survived the highest intraspinal doses that we gave. How- 
ever, mercurochrome is a more dangerous drug to use intraspinally, for- 
n'i3Homalacia was much more common, following the intraspinal injec- 
tion of mercui'ochrome than following that of metaphen. 

In making up our dilutions of mercuroebrome and metaphen for 
lavage, physiologic solution of sodium chloride was used. The question 
naturally arises as to what part the salt solution played in the produc- 
tion of the clinical and morbid changes, for it has been shown by Weed 
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and Wegeforth-® that physiologic solution of sodium chloride itself is 
harmful when injected intrathecally. In view of the fact that none of 
a preliminary series of dogs in which we performed lavage with greater 
amounts of physiologic solution of sodium chloride showed nearly so 
severe reactions as those manifested by the dogs lavaged with either 
mercurochrome or metaphen, we feel convinced that these chemicals and 
not the salt solution played the major role in producing the changes 
observe'd. 

The aseptic meningeal reaction that follows the intrathecal injection 
of metaphen or mercurochrome is probably the result of an injury to the 
meninges causing increased permeability of the blood vessels with exuda- 
tion of erythrocytes and plasma protein, i. e., mainly albumin, into the 
subarachnoid space. \Vhether or not such a reaction in the presence of 
bacterial meningitis would be beneficial per se as a result of the outpour- 
ing of immune bodies along with the plasma proteins from the blood into 
the cerebrospinal space, which is usually devoid of such immune bodies, 
or as a result of a nonspecific protein reaction is open to question. 

In the clinical use of antiseptics in suppurative meningitis, much 
more can be expected from lar^age with the antiseptic than from its 
simple injection. The ideal method of reaching most of the subarachnoid 
space is by lavage from two needles inserted through trephined openings 
over the right and left sides of the vertex to a cisternal or lumbar 
needle, as has been done by Wegeforth and Essick,® Kolmer-" and 
Stewart in their experimental work on meningitis. We, however, 
have limited ourselves to lavage fi'om the cistern to the lumbar region, as 
we believe this to be the route of choice in the lavage treatment for 
meningitis in man. We are now trying out lavage from the lumbar 
region to the cistern in the hope that it will be accomiDanied with fewei’ 
accidental deaths than cistern-lumbar lavage and also because, as sug- 
gested by Pollock and Favill,'” it may be a better method of reaching the 
cortical subarachnoid space than by cistern-lumbar lavage. 

Because mercurochrome in bactericidal concentrations is lethal, its 
employment as an intrathecal disinfectant is contraindicated. Its “non- 
in jurious affinit}^ for body tissues” does not apply to the tissues compris- 
ing the central nervous system. In view of the fact, however, that 
metaphen is from 25 to 100 times more bactericidal than mercurochrome, 
we have not discarded it, as we have mercurochrome. As far as we 
know, metaphen has not been used previously to an}" extent in the treat- 
ment for meningitis. Kolmer "" mentioned having used it in this disea.se 

28. Weed, L. H., and Wegeforth, P. : J. Pharmacol. & Exper. Therap. 13:317, 
1919. 

29. Pollock, L. J., and Favill. J. : The Human Cerebrospinal Fluid, New York, 
Paul Hoeber, 1924, p. 475. 
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with disappointing results, but he stated that his experience with it had 
been limited.^® We believe that it is worth}'’ of further trial in meningitis, 
for it can be introduced in bactericidal strength in subtoxic doses. 

SUMMARY 

Subthecal punctures and injections in the dog are attended by diffi- 
culties and frequently by injuries to the animal. With the_ proper 
technic, however, these may usually be circumvented. 

The maximum subtoxic dose of mercurochrome by intracisternal 
injection was between 0.07 and 0.11 mg. per kilogram; the minimum 
lethal dose was between 0.11 and 0.15 mg. per kilogram. By intraspinal 
injection, the toxicity was less, the maximum subtoxic dose being 
between 0.17 and 0.22 mg. per kilogram. 

The maximum subtoxic dose of metaphen by intracisternal injection 
was between 0.10 and 0.12 mg. per kilogram; the minimum lethal dose 
was between 0.16 and 0.18 mg. per kilogram. By intraspinal injection, 
the toxicity was less, the maximum subtoxic dose being between 0.14 
and 0.22 mg. per kilogram. 

Lavage from the cistern to the lumbar region with a 1 : 1,000 solu- 
tion of mercurochrome was fatal to dogs, but lavage with a 1 : 25.000 
solution of metaphen was well borne. 

Mercurochrome was bactericidal in dilutions up to 1 : 1 .000 under the 
same conditions in which metaphen was bactericidal in dilutions up to 
1 : 50,000. 

After the intrathecal injection of either mercurochrome or metaphen, 
the following changes occurred in the cerebrospinal fluid: (a) increased 
pressure; {b) increased number of cells, first of erythrocytes and later ^ 
of polymorphonuclear leukocytes and lymphocytes, the former predomi- 
nating; (c) increased protein content, mainly due to albumin to such an 
extent that the fluid coagulated on standing. 

An aseptic serofibrinopurulent leptomeningitis followed the intra- 
thecal injection of either mercurochrome or metaphen. 

Mercurochrome should not be administered intrathecally clinically, 
because sublethal doses are not bactericidal. 

Metaphen deserves further investigation as an intrathecal disin- 
fectant, for not only does it have a larger margin of safety than mercuro- 
chrome, but it is bactericidal in sublethal doses. 


30. Kolmer, J. A. : Personal communication to the authors. 



CONGENITAL ATRESIA OF THE ESOPHAGUS 
WITH TRACHEO-ESOPHAGEAL FISTULA 

REPORT OF EIGHT CASES * 

ALEXANDER H. ROSENTHAL, M.D. 

NEW YORK 

According to Mackenzie,^ the first recorded case of congenital atre- 
sia of the esophagus was that of Durston in 1670. In 1861, Hirsch- 
sprung - collected the reports of 10 cases from the literature and added 
4 of his own. In 1884, Mackenzie^ collected the reports of 62 cases 
and reported a new case. In 43 of the cases recorded to that time a 
tracheo-esophageal fistula was present. The most complete review of 
the literature was that of Plass,® rvho in 1919 collected the reports of 
136 cases of esophageal atresia. A careful search of the -literature has 
revealed 85 additional cases of esophageal atresia reported since Plass’ 
review ; 61 of these were associated with tracheo-esophageal fistula, 
and 14 were not, as shown by postmortem examination. Since an 
autopsy was not permitted in 10 cases, the presence or absence of a 
fistula was not fully established in all of these cases, although the clin- 
ical findings pointed to its presence in the majority of these instances. 
The presence of the atresia, however, was definitely diagnosed by the 
characteristic clinical picture. Thus, to date, including the 8 cases 
described here, there are 255 recorded cases of congenital esophageal 
atresia, in 205 of which a tracheo-esophageal fistula was present, and in 
40 of which it was absent. 

The aforementioned number of cases cannot, of course, be taken as 
the number of cases that have occurred. Authors are at great variance 
in their conceptions of the frequenc}' of this condition. As stated in 
an accompanying clinical report, the indications are that man}" more 
cases have occurred than have been reported or eA'^en diagnosed. 

* Submitted for publication. May 22, 1931. 

* From the Division of Laboratories, Mount Sinai Hospital, New York, and 
the Carnegie Institution of Washington, Department of Embryology, Balti- 
more. 

1. Mackenzie, Morell ; A Manual of Diseases of the Throat and Nose, New 
York, William Wood & Company, 1884, vol. 2, p. 149. 

«2. Hirschsprung, cited Iw Mackenzie (footnote 1). 

3. Plass,, E. D. ; Congenital Atresia of the Esophagus with Tracheo-Esopha- 
geal Fistula, Johns Hopkins Hosp. Rep. 18:259, 1919. 
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EIGHT CASES 

The symptoms and the clinical aspects of this anomaly in 8 cases 
may be found in the accompanying report. A brief summaiy of the 
characteristic symptoms is as follows : 

The infant is usually well nourished and well developed at birth, 
and with the exception of the presence of a large amount of mucus in 
the mouth and phar 3 mx and often in the trachea, no abnormalities are 
suspected. Occasionally this may cause asphyxia. The most charac- 
teristic and constant symptom is the typical episode that attends each 
attempt at feeding. The infant accepts fluids readily enough, but after 
a few swallows stops, ceases to breathe, becomes cyanotic and regurgi- 
tates a froth}'^ discharge through the nose and mouth. A period of 
almost lifeless relaxation may follow this episode, but the child almost 
always recovers and repeats the performance, if given the opportunity. 
The weight falls steadil}', and the infant rapidly becomes deh 3 '^drated. 
The average loss of weight before death is from 25 to 40 per cent. 
Ph 3 '^sical examination a short time after birth ma 3 '- reveal little except a 
whitish, frothy mucoid material in the nasophai*ynx. Depression of the 
anterior fontanel and a dry, adhei'ent skin ma 3 ' be seen later as dehy- 
dration becomes marked. The epigastrium is often distended, and per- 
cussion may reveal tympan 3 '^ of the stomach, a sign of the presence of 
the tracheo-esophageal fistula. For a few days the stools are normal 
in quantit 3 '^ and are typical meconium. Later they become scant or 
absent and are composed merel 3 '- of bile-stained mucus — the stools that 
characterize starvation. The urine is scanty and concentrated, and early 
suppression is seen. The temperature is usually raised by the advent of 
inanition fever after from two to three days, and may be influenced by 
the bronchitis and bronchopneumonia that commonly complicate the clin- 
ical picture. The temperature ma 3 q however, remain normal or become 
subnormal. The diagnosis is confirmed by the passage of a catheter, 
which meets an obstruction at about from 10 to 12 cm. from the aLe- 
olar ridges. Roentgen examination after the introduction of a barium 
mixture into the pharynx reveals a dilated culdesac reaching usually to 
about the fourth thoracic vertebra. 

Case 1. — B. D., a boy, died four days after birth. Postmortem examination 
revealed a poorly nourished infant on whom a gastrostomy had been performed. 
The pharynx led into a widely dilated esophagus, which was completely closed at 
a point 1 cm. above the bifurcation of the trachea. From this point on, the 
esophagus was nonexistent as a patent tube, hut continued as a ridge in the form 
of a longitudinal thickening on the posterior wall of the trachea. It continued in 
this fashion to a point a little above the bifurcation of the trachea, where it once 
more emerged as a patent tube. Its lumen at this point communicated with the 
trachea in a manner resembling the entrance of the ureter into the bladder. It 
joined the stomach in a normal fashion. A widely patent ductus arteriosus was 
present, as well as a patent foramen ovale (fig. 1 A and B). 
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Case 2. — B. H., a bo 3 % died six daj's after birth. Postmortem examination 
revealed a fairl}-^ well developed and well nourished infant. The upper third of 
the esophagus terminated in a short fibrous cord which was firmly attached to the 
posterior wall of the trachea near the bifurcation. The lower two thirds of the 
esophagus was found to open into the lumen of the trachea just below this point 
and above the bifurcation. The heart was enlarged, owing to a dilatation of the 
right auricle and right ventricle. A widely patent ductus arteriosus was present. 
The foramen ovale was closed. Aspiration bronchopneumonia and malposition of 
the transverse colon were also present. 

Case 3. — K. I., a boj^, died six days after birth. Postmortem examination 
re\ealed the upper part of the esophagus to be dilated and to end as a blind pouch 
about 4 cm. below the h 3 ’oid bone. It was marked^' hypertrophied. No cord was 
seen extending from this blind end caudadb'. The trachea at its bifurcation was 



Fig, 1. — Specimens showing congenital atresia of the esophagus with tracheo- 
esophageal fistula : A and B, case 1 ; C, case 3. 

seen to divide into three divisions, two lateral cartilaginous ones, which were 
evidenth^ the bronchi, and a mesial noncartilaginous one, vhich was the lower end 
of the esophagus and extended to the stomach. The stomach was small and filled 
onl 3 " with a mucoid secretion. No other abnormah’t 3 '' was present in the gastro- 
intestinal tract. The heart was entirel 3 '’ normal, except for a huge patent foramen 
ovale, measuring 1.5 cm. in diameter. It appeared almost like a complete inter- 
auricular septal defect. Bronchopneumonia Avas present (fig. 1 C). 

Case 4. — B. W. died five da 3 's after birth. Postmortem examination re\ealed 
the upper portion of the esophagus ending as a blind pouch about 4 cm. long. 
This blind end was still attached to the lower portion of the esophagus b 3 f a ver 3 " 
fine film of tissue. The lower portion of the esophagus entered the trachea about 
2 cm. above the bifurcation. A patent foramen ovale was present, and the lungs 
were partialh' atelectatic. 
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Case 5. — H. G., a bo}-, died seven daj’-s after birth. Postmortem examination 
revealed the upper third of the esophagus ending in a culdesac which was attached 
by a thin string of fibrous tissue to the posterior peritracheal tissue. The lower 
two thirds of the esophagus was in direct communication with the trachea just at 
its bifurcation. The other pathologic findings included a patent foramen ovale and 
bronchopneumonia. 

Drs. Lederer and Wilson of the Jewish Hospital of Brooklyn per- 
mitted us to study and report the following 3 cases. 

Case 6.— B. W., a boy, died nine days after birth. Postmortem examination 
revealed the upper part of the esophagus ending in a blind sac about 6 mm. in 
diameter and 5 cm. in length. For a distance of l.S cm., it e.xtended as a cord- 
like structure, which became continuous with the distal 6 cm. of the lower part 
of the esophagus. The latter was of normal caliber and structure and communi- 
cated with the trachea by a slitlike fistulous connection, situated about 0.5 cm. 
above its bifurcation. The foramen ovale was slightly patent, and the lungs were 
somewhat atelectatic. 

Case 7. — B. K., a boy, died six days after birth. Postmortem examination 
revealed the upper portion of the esophagus as a dilated, hypertrophied sac about 
4 cm. in length. It continued as a cord along the posterior aspect of the trachea 
to about 1 cm. above its bifurcation, where it again became patent, communicated 
with the trachea and then continued normally to the stomach. The other abnormal 
findings included the absence of the left kidney and ureter, a patent foramen ovale 
and patent ductus arteriosus and bronchopneumonia. 

Case 8. — B. L., a boy, died eight days after birth. Postmortem e.xamination 
revealed the upper fourth of the esophagus ending blindly as a dilated pouch. Its 
lumen was twice that of the lower part of the esophagus. The two portions were 
separated by a distance of 1 cm., and no connecting cord was present. The fistu- 
lous opening was just above the bifurcation. The skin was dry and wrinkled. 
The foramen ovale was closed, but the ductus arteriosus was patent. Broncho- 
pneumonia was present. 

A summary of the histology of the first 4 cases is presented later. 

GROSS PATHOLOGY 

As has been pointed out several times, the gross picture of the 
anomaly is markedl}^ constant. Reference to the appended photographs 
of two of the specimens demonstrates this striking change clearly. The 
upper portion of the esophagus begins normally, but ends as a blind 
sac at varying distances below the larynx. Fischer (Henke and 
Lubarsch^) stated this length to be between 1.5 and 2 cm. Plass ^ 
gave the average length as about 3.4 cm. on the basis of 72 cases in 5 
of which it measured from 1 to 1.9 cm. and in 9, 5 cm. or over, with 
the measurements of the others ranging between. The average length 
in the cases reported here agrees with that of Plass.-'’ The pouch is 
almost always hypertrophied and uniforml}'^ dilated to a diameter of- 

4. Henke, F., and Lubarsch, O. : Handbucb der speziellen pathologiscben Ana- 
tomie und Histologie, Berlin, Julius Springer, 1926, vol. 1, p. 84. 
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about 1 cm. or more, whereas the normal width of the esophagus in the 
new-born infant is about fi-6m 4 to 6 mm. This is true of practically 
all of the specimens studied here. Many believe the h 3 q)ertrophy and 
dilatation to be the result of ineffectual attempts of the fetus to swallow 
amniotic fluid. Ballant 3 me,‘^ Brigham,® Meyer and Scheurer ® noted 
the association of h 3 ^dramnion with atresia of the esojfliagus and 
believed the h 3 'dramnion to be the result of the inabilit 3 '’ of the fetus to 
swallow and absorb the amniotic fluid. Plass ® noted the association in 
9 of 136 cases, but believed it to be mere coincidence. Others believe 
the h 3 ^pertrophy to be due to an abnormal growth stimulus. Giffhorn “ 
stated that since the posterior wall of the esophagus is fixed while growth 
continues, the entire blind sac must be pulled out in the manner that a 
traction diverticulum is formed, resulting in h 3 -pertroph 3 ’^ and dilatation. 

The lower portion of the esophagus makes a fistulous connection 
with the trachea at a var 3 dng distance above the bifurcation of the latter 
into the bronchi, the average distance being about 0.5 cm. ; in 2 of the 
cases reported here the fistula Avas at the bifurcation; in 1 case, just 
aboA''e the bifurcation; in 2 cases, 0.5 cm. aboAi-e, and in 3, 1.0, 1.5 and 
2 cm. above, respectively. Of 96 cases cited Iw Plass,® 94 shoAved the 
distance to be Avithin this same range ; in the remaining 2, a fistulous 
communication AAu'th a bronchus AA^as found. A review of the macro- 
scopic description in about 80 cases reported since Plass’ rcAoeAV has 
shown that in these cases this distance fell Avithin the same range. In 5 
cases, a communication Avith a bronchus Avas noted ; in 4 cases 
(Baranger,^® Ellerbroek and Plamm et al.^®) the right bronchus Avas 
concerned, and in 1 the left bronchus. In the last case no actual fistula 
AA'^as present, and the esophagus continued as a cord. Sencert stated 
that Avhen the fistula is above the bifurcation, there are rarel3'^ concomi- 

5. Ballant 3 'ne, J. W. : Manual of Antenatal Pathology and Hygiene, Edin- 
burgh, W. Green & Sons, 1504, p. 462. 

6. Brigham, R. O. : Atresia of the Esophagus, Am. Med. 35:297, 1929. 

7. MeA'^er, H. : Esophagusatresie und Hj'dramnion, Zentralbl. f. Gyniik. 53: 
1562, 1929. 

8. Scheurer, D. : Ein Fall von kongenitaler Oesophagusatresie mit Oesophago- 
Trachealfistel, Schweiz, med. Wchnschr. 9:1079, 1928. 

9. Giffhorn, H. : Beitrag zur Atiologie der kongenitalen Atresia des Oesopha- 
gus mit Oesophagotrachealfistel, Virchows Arch. f. path. Anat. 192:112, 1908. 

10. Baranger, A. : Curieuses malformations des voies digestives superieures. 
Arch, internat. de laryng. 34:1077, 192S. 

11. Ellerbroek, N. : Ein Beitrag zur Oesophagusatresia, Miinchen. med. Wchn- 
schr. 69:591. 1922. 

12. Hamm, A., et al. : Un cas d’atresie congenitale de I'oesophage, Bull, et 
mem. Soc. anat. de Paris 94:631, 1924. 

13. Sencert, cited by Rogier, P. : Quelques considerations sur deux nouveaux 
cas d’imperforation de I’oesophage, These de Paris, 1927, vol. 59. 
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tant malformations, while when it is at the same height or in the right 
bronchus, malformations of the heart and great blood vessels are the 
rule. No evidence of such an association has been encountered in a 
review of the literature. The fistulous opening has a characteristic 
crescent shape and has been aptly described as resembling the opening 
of the ureter into the bladder. This tracheal opening is always smooth, 
the mucous membranes of the tubes being continuous. The muscular 
walls frequently blend without an}'^ demarcation. Occasionally a groove- 
like depression may be seen running up the posterior membranous 
portion of the trachea from the region of the fistula. The lower portion 
of the esophagus seems to spring as a direct continuation from the mus- 
cular posterior wall of the trachea, beginning as a narrow tube measuring 
about from 4 to 7 cm. in length and gradually increasing in size to its 
normal caliber. It opens into the stomach in a normal fashion. In a 
case presented here, the lower portion of the esophagus measured 3 cm. 
in diameter at the fistulous end and 6 mm. at the cardiac end, and in 
another it measured 4 mm. at the fistulous end and 7 mm. at the cardiac 
end. According to Plass,® rudimentai'y tracheal cartilages have been 
found in the fistulous portion of the esophagus. 

Occasionally, an overlapping of the two segments has been noted. 
In twelve of the fourteen specimens examined by Keith, who collected 
them from medical schools and hospitals in England, the fundus of the 
upper segment overlapped the origin of the lower segment, and there 
was usually a greater or lesser degree of union between the musculature 
of the two portions of the esophagus and that of the trachea. An over- 
lapping was noted in two of the specimens presented here; in one it was 
slight, and in the other marked. In the latter, the distance of overlap- 
ping was 1.7 cm. Keene’® reported a similar case. If one does not 
accept mechanical factors as playing an important role in an elongation 
of the upper culdesac, this type of variation speaks against the theories 
concerning the development of the anomaly which have to do with pres- 
sure atrophy. Usually, however, the two segments of the esophagus are 
separated by a definite distance of about 1 cm. The maximal distance 
is about from 4 to 5 cm. In a case reported by Levys the defect was 
5 cm. The separation is usually bridged by a fibromuscular cord. No 
cord was present in two of the specimens presented here, and in one 
existed only as a fine film of tissue. Fischer (Henke and Lubarsch^) 
stated that a cord was present in 53 of 73 cases in which an exact study 
was made. 


14. Keith, Arthur: Constrictions and Occlusions of the Alimentary Tract of 
Congenital or Obscure Origin, Brit. M. J. 1:301, 1910. 

15. Keene, R. : A Case of Irregular Separation of the Trachea from the 
Esophagus, St. Barth. Hosp. J. 28:155, 1920-1921. 

16. Cited in Henke and Lubarsch (footnote 4). 
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The question of the occurrence and type of congenital anomalies 
associated with this condition is of interest and importance. Several 
authors have stated that the frequent association of other anomalies 
incompatible with life makes surgical intervention for the atresia of the 
esophagus inadvisable. On the basis of cases recorded to date, this is 
not true and is an obstacle to advance in the treatment of infants with 
this condition. Reynolds and Morrison stated that associated mal- 
formations are uncommon. The careful review of Plass,® however, 
shows that they are somewhat fi'equently present. Thus they were 
found in 59 of 94 cases in which the presence or absence of other 
anomalies was noted (patent ductus arteriosus and foramen ovale were 
not classed as anomalies), but few of the associated malformations were 
in themselves incompatible with life. By far the most common was 
atresia ani, noted in 24 cases. In a small proportion of the cases 
recorded since Plass’ time, associated anomalies were noted, onh' one 
of which would have been fatal. The anomalies were : atresia duodeni. 
deformities of the hand, absence of the left kidney, double uterus and 
harelip. In 3 of the 8 cases reported here, other, relatively harmless 
abnormalities were present. They were absence of the left kidney, mal- 
position of the transverse colon and slight deformity of the hand. The 
marked frequency of the presence of patent foramen ovale and a patent 
ductus arteriosus was noted. Every specimen presented at least one. 
and three had them both combined. 

A presentation of the gross pathology would not be complete without 
reference to the frequent pulmonary complications seen with this 
anomaly. With the tracheo-esophageal fistula and the rapid inanition 
that sets in as a result of the atresia of the esophagus, it can be readily 
understood why tracheobronchitis and bronchopneumonia so commonly 
hasten the death of the infant. Thus aspiration bronchopneumonia was 
present in 5 cases and atelectasis in 2. 

HISTOLOGY 

As a general rule, gross specimens have been kept on exhibition. 
One is reluctant to section specimens showing grossl}'- so striking an 
anomal)L As a result there have been few contributions to the histology 
of the malformation. Trillat and Pigeaud reported that their studies 
showed both portions of the esophagus to be histologicall}" normal. 
However, most others who made microscopic examinations reported 
varying types of histologic changes. Ballantyne ® stated that normal 

17. Rejmolds, R. P., and Morrison, W. W. : Congenital Malformations of tlie 
Esophagus, Am. J. Dis. Child. 21:339, 1921. 

18. Trillat and Pigeaud: Un cas de communication entre I’oesophage et la 
trachee-rohres. Bull. Soc. d'obst. et de gjmec. 17:75. 1928. 
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stratified squamous epithelium was found in both the upper and the 
lower portions of the esophagus, and cited Luschka as having found 
striped muscle in the upper portion and only unstriped muscle in the 
lower. Fourteen specimens were collected and examined by Keith. 
He believed that the break in the esophagus occurred at what he 
considered was the junction of two parts of different origin. He consid- 
ered that the upper part was pharyngeal. It was almost entirely com- 
posed of striated muscle fibers. He considered the lower part as having 
been derived from the primitive esophagus. This was composed of non- 
striated muscle fibers. These histologic observations are, of course, a 
confirmation of Ballantyne’s ® statement. Latz reported a case in 
which the muscle bundles of the upper part of the esophagus not only 
were composed exclusively of the striated type, but were all longitudinal 
in their course. The musculature of the lower portion was composed of 
smooth muscle. 

A few histologic studies have shown abnormalities in the structure 
of the trachea, predominantly in the region of the fistula. Ladwig 
reported a case in which the lower portion of the esophagus was seen 
to continue in the posterior wall of the trachea. Thick circular and 
longitudinal layers of muscle and glands, similar to those found in the 
esophagus, were found in the trachea. In this case he could demonstrate 
stratified squamous epithelium continuing in the posterior wall of the 
trachea, and its extension to the thyroid cartilage. He therefore con- 
sidered the posterior wall of the trachea to be in the nature of an 
esophageal wall. Konopacki also found squamous epithelial cells in 
the mucosa of the trachea in the region of the fistula. He also found an 
abnormal thickness of the musculature of the trachea, which contained 
several cross-striated fibers. Gutmann stated that he found fibers of 
the posterior wall of the esophagus continuing for a distance in the 
anterior wall of the trachea. 

Summary of the Microscopic Structure of Four Specimens Reported 
Here . — The upper culdesac was of a uniform structure in the four cases 
examined. The epithelium was of the normal stratified squamous variety. 
The muscularis mucosa was irregularly slightly hypertrophied. Occa- 
sionally, it was seen to be present as a very thin layer of smooth muscle, 
and it was actually absent in a region in one of the sections. The sub- 
mucosa was present as a definite layer in the structure of the wall and 
contained few mucous glands. The musculature showed the most marked 

19. Cited in Henke and Lubarsch (footnote 4). 

20. Ladwig, A. : Ein bermerkenswerter Fall von Missbildung des Oesophagus- 
Tracheal-Rohres, Centralbl. f. allg. Path. u. path. Anat. 31:613, 1920. 

21. Gutmann, S. : Ueber einen Fall von Oesopbagusatresie und Oesophago- 
Trachealfistel, Frankfurt. Ztschr. f. Path. 9:459, 1912. 
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changes. It was regularl}- considerably hypertrophied and appeared nor- 
mal in thickness only when the upper sac was considerably dilated. 
Although it was in general composed of an outer longitudinal and an 
inner circular la)^er. this arrangement was frequently distorted, and in 
one section it was reversed for a short distance. The hj^pertrophy of the 
musculature was accompanied by overdevelopment of Auerbach’s plexus. 
The musculature was composed mostly of striated skeletal muscle, espe- 
cially the outer longitudinal layer. As one would expect, the proportion 
of smooth muscle increased in amount as one proceeded caudadly. This 
was true especiall}'^ of the inner la3'er. The outer longitudinal layer, 
however, generally consisted of the striated rt'pe to the very tip, with the 
exception of the anterior portion, which consisted mostly of smooth 
muscle. The anterior wall was seen to fuse with the smooth muscle of 
the posterior membranous wall of the trachea. A large amount of 
fibrous tissue was present within the musculature, being so marked in 
areas as to interrupt completel}’ the course of the muscle fibers. 

With the exception of its fistulous end, the lower portion of the 
esophagus was normal in structure. At this site, the esophagus had 
essentially a tracheal structure. The mucosa in three of the specimens 
was of the tracheal type and in one was of an undifferentiated type. In 
every instance, mixed glands were seen to be dispersed among the 
muscle bundles of the esophagus in this region. Study of sections dem- 
onstrated that the normal musculature of the lower portion of the 
esophagus became irregular as it approached the trachea. The arrange- 
ment of normal esophageal musculature, which is composed of inner 
circular and outer longitudinal layers, became irregular as it approached 
the region of the fistula and continued as a longitudinal layer continuous 
with the smooth muscle of the posterior membranous wall of the trachea. 
Other than the fistulous opening, no abnormalities were noted in the 
structure of the trachea. 

Because of the presence of tracheal structures in the upper end of 
the lower portion of the esophagus and the change in musculature of the 
upper sac from the striated to the nonstriated type in its anterior wall 
proximal to the trachea it was thought that both sections of the esoph- 
agus shared in the tracheal structure. The musculature of the upper 
sac was interpreted as being similar to that of the membranous wall of 
the trachea to which it was fused. However, examination of apparent!}' 
normal esophagi and tracheae in four infants of approximately the same 
age presented this alternation of smooth and striated muscle to almost 
the same degree. Nevertheless, as shown in the previous paragraph, 
the fistulous end of the lower segment of the esophagus had a tracheal 
structure. This observation was contrary to those reported previously, 
in which esophageal elements were found in the trachea and no tracheal 
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elements in the esophagus. If one reviews the histologic descriptions in 
all the reports, one notices that there has been a lack of uniformity in 
the microscopic structure of the fistulous site. Even the trachea has 
been reported to show abnormalities in its histologic structure. 



development of the esophagus and trachea (modified from Congdon, E. D.) ; Con- 
trib. Embrj’^ol., Carnegie Inst., Washington 14:47, 1922. 

NORMAL DEVELOPMENT OF ESOPHAGUS AND TRACHEA FROM 
THE PRIMITIVE FOREGUT 

A brief resume of the normal development of the esophagus and 
trachea from the primitive foregut may aid in the interpretation of the 
A^arious theories advanced. In the 3 mm. embr 3>’0 (fig. 2) the first 
anlage of the respiratory system (pulmonary anlage) appears caudal to 
the pharyngeal pouches as a I'entral rounded mass of entoderm. In 
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the 4 mm. embryo grov/th of the anlage has resulted in caudal prolonga- 
tion and in the formation of two lateral longitudinal grooves, of which 
the corresponding internal elevation is the anlage of a septum. In this 
stage the trachea is seen to be already partially separated from the 
esophagus. Reference to the diagrammatic figure will illustrate the 
appearance of a cross-section of this region at this stage. The separation 
is more definite in the 5 mm. embryo and practically complete in the 
11 mm. embryo. To many authors, the apparent cephalad growth of 
the ventral transverse groove between the lung anlage and the esophagus, 
along with the deepening of the longitudinal lateral grooves, constitutes 
a tracheo-esophageal septum which ultimatel}'- effects a complete separa- 
tion in a cephalad direction. 


GENESIS OF THE ANOHAIA' 

i\Iany theories have been advanced to explain the congenital anomaly 
considered here. Luschka -- and independently Klebs held that fetal 
inflammation or intra-uterine trauma played the imjiortant role. The 
marked constancy of the malformation makes any theoiy that has to do 
with inflammatory or traumatic factors seem unlikely. In the theories 
proposed by Robin, -■* Leven and Regnier,-® the upi^er portion of the 
esophagus or the entire esophagus is considered as ectodermal. This 
it most certainly is not. A study of early embryos demonstrates the 
epithelium of the entire esophagus to be derived from entoderm. 
Klebs,-® and later Kraus,®" advanced the conception that too much of the 
original formative material was used up in the development of the 
trachea, bronchi and lungs, so that an atresia of the esophagus resulted. 
Shattock’s explanation is somewhat similar. He believed that the 
posterior wall occasionally partieijrated in the formation of the respira- 
tory apparatus and was brought forward, thus narrowing the lumen. 
This forms the basis for his explanation of the development of the 
anomaly. The remaining theories are those that are most widely 
accepted, and may be grouped under three headings. 

22. Luschka, cited by Zeit, F. R. : Congenital Atresia of the Esophagus, J. M- 
Research 22:45, 1912-r913. 

23. Klebs, cited b.v Zausch, P, : Ein Fall von Oesophagusatresie und Oesophago- 
Trachealfistel, Virchows Arch. f. path. Anat. 234:94, 1921. 

24. Robin, cited by Rogier (footnote 13). 

25. Leven, cited by Gutmann (footnote 21). 

26. Regnier, cited by Trillat and Pigeaud (footnote IS). 

27. Kraus, cited b}' Ysander, F. ; Zur Frage der Genese der Oesophagus- 
atresien, L’psala lakaref. fdrh. 30:195, 1924. 

28. Shattock, S. G. ; Congenital Atresia of the Esophagus. Tr. Path. Soc. 
London 41:87, 1890. 
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Theories Dealing with Retardation of Esophageal Development at a 
Time When the Esophagus Is Still Solid. — Kreuter stated that to the 
fifth week the esophagus is a tube. From this period on, intensive 
epithelial proliferation results in the lumen being reduced to a slit. The 
most marked proliferation appears at the region of the bifrtreation. 
Later vacuolization of the epithelium causes a dissolution of the atresia, 
so that finally a permanent- lumen is formed. Permanence of the early 
embr^'onal phase in which the esophagus is solid causes the atresia. 
The epithelium perishes and is replaced by connective tissue. This 
theory was apparently corroborated Reese,®” who stated that tem- 
porai'}^ closure of a part of the anterior, region of the digestive tract is 
commonl)^ observed in the A'arious classes of loAver vertebrates in early 
embryonal life. The work of Schridde on fifty human embrA^os consti- 
tutes a direct contradiction to Kreuter.-” Schridde found the esophagus 
to have a lumen at all periods of its dcA’^elopment. There are no vacu- 
oles ; AA^hat appear to be A’acuoles are epithelial bridges due to epithelial 
proliferation in circumscribed regions. In the region where the atresia 
is formed, the epithelial bridges are not present. He believed that 
Kreuter’s conception Avas a misintei'pretation of the facts. Further, as 
pointed out by Forssner,®'- a study of embryos demonstrates that the 
separation of the trachea from the esophagus occurs when the embryo 
is at the early stage of about from 4 to 5 mm., whereas the so-called 
epithelial obliteration occurs at the much later stage of about 20 mm. 
It is unlikely that the anomal)'- develops at more than one stage in the 
formation of the trachea and esophagus. 

Theories Concerning Deviation of the Tracheo-Esophageal Septum. 
— According to Keith and Spicer,®® the lateral tracheo-esophageal ridges 
and folds normally proceed horizontall)'^ backAvard so as to meet betAveen 
the pulmonaiy buds and the esophagus and so divide the primitive esoph- 
agus into a dorsal and a ventral portion. To produce this anomaly they 
must proceed obliquely backAvard and dorsahvard so as to meet on the 
dorsal Avail of the foregut. Ribbert also believed that the lower part of 
the separating septum becomes attached to the posterior wall of the 
foregut, thus causing the atresia. Konopacki and Hoffman ®‘* advanced 

29. Kreuter, cited by Schridde, H. : Ueber Epithelproliferationen in der 
menschlichen Speiserohre, VircboAA's Arch. f. path. Anat. 191:178, 1908. 

30. Reese, A. M. : The Occlusion of the Oesophagus and Trachea in Crocdillia 
and Snakes, Am. J. Anat. 37:195, 1926. 

31. Schridde, H. : Ueber Epithelproliferationen in der menschlichen Speise- 
rohre, VirchoAA's Arch. f. path. Anat. 191:178, 1908. 

32. Forssner, cited by Schmitz, J. A.; Ueber de formate Genese der Oesopha- 
gus Missbildungen, Virchows Arch. f. path. Anat. 247:278, 1923. 

33. Keith. A., and Spicer, J. E. : Three Cases of Malformation of the Tracheo- 
Esophageal Septum, J. Anat. & PliA^siol. 41:52, 1906-1907. 

34. Konopacki and Hoffman, cited in Abt. Isaac .A..: Pediatrics, Philadelphia, 
W. B. Saunders Company, 1924, a'oI. 3. p. 407. 
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a similar theory. They assumed the lateral crests which should separate 
the respiratory apparatus from the esophagus to deviate from the normal 
pathway in an oblique course. To Zeit,®® arrested development of the 
lateral ridges, which unite incompletely in the midline, explains the fistula 
and a “faulty anlage” the atresia. Lewis believed that the lower por- 
tion of the tracheo-esophageal septum fails to develop, thus leaving the 
esophagus in communication with the lower part of the trachea. He 
called attention to a lateral furrow of the wall situated externally on 
either side of the esophagus caudad to the ventral pulmonary anlage and 
presenting a corresponding internal elevation. This same depression was 
seen in reconstructed models of the entoderm of 4 mm. embryos in the 
collection of the Carnegie Institution of Washington. It is so situated 
that if the walls of the esophagus should coalesce along this groove a 
ventral portion would be cut oft’, communicating freely with the trachea 
near its bifurcation. The part of the esophagus dorsal to this groove has 
a narrower lumen than the ^'entral part, and to produce the anomaly this 
portion must become occluded. Gift'horn ” advanced two explanations. 
One is similar to that of Keith and Spicer,'"’® and the second is based on 
a pushing forward of the posterior wall to meet the lateral folds in a 
manner similar to that explained in Shattock’s theory. As stated, 
Ladwig found esophageal elements in the posterior wall of the trachea 
and therefore considered the posterior wall of the trachea as the anterior 
wall of the esophagus, and also held that the fact that the separation of 
the trachea and the esophagus exists in the upper portion and not in the 
lower meant that separation proceeds caudad, not cephalad. His histo- 
logic observations will be interpreted in a dilferent manner in a later 
discussion. That normal separation proceeds in a cephalad direction has 
been shown here, and there is no evidence that Ladwig’s interpretation 
is true. 

Theories Concerning Changes of Tension . — Theories concerning 
changes of tension are among those most recently advanced and appear 
almost entirel}'- in the German literature. Zausch,®'^ a pupil of Beneke, 
advanced his mechanical theory. To him, the direction of pressure 
exerted by the heart anlage determines the type of anomaly produced. 
Thus, if it pushes in a cephalad direction, it prevents proper closure of 
the palatal clefts and results in cleft palate. If it is directed more 
pharyngealward, the pressure would act on the “narrow isthmus” of 
the esophageal anlage which oveidies the heart, resulting in esophageal 
atresia and tracheo-esophageal fistula. In a case that he observed, an 

35. Zeit, F. R. ; Congenital Atresia of the Esophagus, J. M. Research 22:45, 
1912-1913. 

36. Lewis, cited bj' Keibel, F., and klall. F. P. : Manual of Human Embryol- 
ogy, Philadelphia, J. B. Lippincott Compan}-, 1910, vol. 2, p. 312. 

37. Zausch, P. : Ein Fall von Oesopbagusatresie und Oesophago-Tracbealfistel, 
Yircbo^Ys Arch. f. path. Anat. 234:94, 1921. 
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associated bifid inaila was interpreted as a palatal cleft, and both were 
conceived to be caused by pressure of the heart anlage and marked cer- 
vical curvature. Schmitz also considered the primary cause to be pres- 
sure from the heart anlage. He called attention to the fact that the 
primitive foregut consists of only one layer of cells dorsally and three 
layers ventrally, with undifferentiated mesench3mie around it. The pos- 
terior wall not onl}’’ is subject to the most tension, but is also the least 
resistant. If abnormal pressure continues, the posterior wall ruptures. 
The upper end becomes dislocated cranialty, and the caudad end is kept 
in its original position b}'^ the heart anlage acting like a wedge. The 
epithelial cells in the ruptured end regenerate, but they cannot produce 
union, and hence atresia I'esults. The pressure of the heart on the lower 
end leads to fusion of its posterior wall with the longitudinal lateral 
crests and results in a fistula. 

Ysander described an 8 mm. embryo of a monster of the type 
thoracopagus tetrabrachius in which there was but one stomach and 
one heart anlage, while the esophagus and the respiratory apparatus 
were duplicated identically. Each presented the t3’-pical esophageal 
atresia with tracheo-esophageal fistula seen in postnatal cases. This is 
the youngest embryo reported showing the anomaly, the only other being 
an 18.1 mm. embryo in the Harvard collection, which is single and 
similar to the postnatal type. Ysander explained the esophageal 
anomaly in a manner somewhat similar to that of Zausch and 
Schmitz. The foregut is bent in a curve b3'^ the large heart complex. 
The strain is put mostl3'’ on what he terms the peripheiy. This evi- 
dently is the dorsal wall of the primitive tube at about the midregion. 
This causes a scarcity of formative mass in this region, which results in 
a relative shifting of the lateral crests dorsalward, causing an atresia 
above, and a disappearance of the esophageal tube at the point of 
strain. The esophageal portion not onl3'- has lost the possibilit3'- of 
forming a tube here, but remains in communication with the trachea. 
Anders agreed to these explanations assigning the important role to 
pressure. 

According to several authors, pressure of adjacent arteries pla3'^s 
an important role in the formation of the anomal3^ Thus the three 
cases presented b3'- Keith and Spicer showed a deep origin of the 
right subclavian artery. This abnormal arteiy crossed to the right side 
between the two parts of the eso^Dhagus. The right dorsal aorta has 

38. Schmitz, J. A. : Ueber die formale Genese der Oesophagusmissbildungen, 
Virchows Arch. f. path. Anat. 247:278, 1923. 

39. Ysander, F. : Zur Frage der Genese der Oesophagusatresien, Upsala 
lakaref. fdrh. 30:195, 1924. 

40. Anders, H. E. : Die Genese der angeborenen Stenosen tind Atresien des 
menschlichen Darmkanals im Lichte der vergleichender Entwicklungsgeschichte 
Ergebn. d. Anat. u. Entwcklngsgesch. 26:343. 1925. 
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been said to play a part (Sclimerz and according to Kraus (cited 
in Ysander the cases in which a muscular cord unites the two sections 
of the esophagus are due to fetal atrophy from pressure of arteries. 

Critique . — In an attempt to explain the altered condition, several 
authors found it necessary to carry the origin of the anomaly back to 
an early stage, that of the embryo of from 4 to 5 mm. But even this 
is not early enough. Many have noted the marked constancy of the 
morphology of the anomaly. The eight specimens described in this 
l^aper closely resemble each other. This constancy is in itself a sign 
of an early fundamental change. Later changes in the embryo are more 
likely to result in spotty anomalies that do not conform to a definite 
pattern. Further, this change may even rest on a genetic basis. 
Mackenzie is cited as having encountered a father all of whose children, 
b}^ three wives, were born showing the anomaly. This is striking and, 
of course, can be explained only on a genetic basis. Ysander’s inter- 
esting 8 mm. embr}^ in which the typical anomaly was found bilaterally 
points also to an early inherent change. 

The importance attributed by Zausch,^* Schmitz and Ysander 
to the pressure of a large cardiac anlage with or without marked cer- 
vical curvature of the primary foregut is suggestive. But this hypothe- 
sis does not conform to the anatomic facts revealed by a study of 
embryos of the stage in which the separation of the esophagus and 
treachea occurs. Firstly, a study of reconstructed models of human 
embryos from 3 to 5 mm. in length shows the cardiac anlage always 
large, but still more important is the fact that a definite distance exists 
between cardiac anlage and primary foregut. Secondly, only a slight 
curvature can be seen in that portion of the primary foregut from which 
the anlage for the respiratoiy apparatus arises ventrally, namely, the 
region of the later bifurcation. A more marked curvature is seen in the 
reconstructed entoderm in the region of the last branchial cleft, but 
this area is far above Ihe one under consideration. Thirdly, as even 
Schmitz pointed out, it is difficult to see why the trachea should not 
also be more directly involved, since it is even closer to the cardiac 
anlage. And lastly, malformations of the heart, other than the common 
patent foramen ovale and ductus arteriosus, are rarely seen accompany- 
ing the anomaly, and it is difficult to conceive of a large cardiac anlage 
acting abnormally which yet ultimately develops into a normal heart. 

It is even more unlikely that pressure from an abnormal blood 
vessel causes the malformation. Accoi'ding to Dr. Streeter’s conception, 
as a general rule, the growth of the vascular system does not influence 
the development of proximal tissues, but is to the contrary influenced 
bjr them. As pointed out in Keibel and Mali's “Manual of Human 
Emljryolog}",’’ in the 4 mm. embryo, which is close to the stage in 

41. Scbmerz, H. : Die Chirurgie, Berlin, Kirschner & Nordmann, 1928, vol. 4. 
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which the anomah^ arises, the arteries are not near this portion of the 
esophagus. The dorsal aortas run on each side of the primitive ento- 
derm in this stage, and cannot conceivably influence the development 
of the esophagus in a manner to produce this anomaly. It is even more 
unlikely that any component of the aortic arches plays a role, for they 
are ventral and considerably cranial to the site of the malformation. 
It is more probable that the reported association of an abnormal vascular 
system in this region is an effect of the anomaly and not the cause of it. 

The production of an anomaly of this type rests on altered or defi- 
cient growth of cells. A consideration of abnormal planes of cleavage, 
purely on a mechanical basis, as is encountered in some of the theories 
in which emphasis is laid on a deviated tracheo-esophageal septum, dis- 
guises this concept. As has been stated, embryologic study reveals no 
evidence for those factors that are alleged to be responsible for a 
deviated or altered septum, namely, pressure of a large cardiac anlage, 
an exaggerated cervical curvature or an abnormal vasculature. Unless 


b; 


A B 

Fig. 3. — Diagrammatic representation of the neural tube of the embr 3 'onic 
spinal cord {A) and of the embrj’onic tracheo-esophageal tube (5) before the 
proliferation of cells that results in the closure of the former and the formation 
of two tubes from the latter. 

concomitant primaiy changes are brought into play, most proponents are 
at a loss to explain why this abnormality of the tracheo-esophageal 
septum occurs. Dr. George L. Streeter suggested a simple analogy 
and conception of the development of the anomaly. If one first con- 
siders the formation of the common anomaU spina bifida, the explana- 
tion of the formation of the tracheo-esophageal fistula will be clearer. 
In the stage in which the neural tube is open, closure takes j^lace not 
by the mesenchyme pushing in the entoderm at h and h' (fig. 3A), 
but by cellular proliferation at a and a' which later results in fusion. 
If for any reason there exists some deficiency in the cells at a and a' 
resulting in altered proliferation and nonunion, the open neural tube 
persists, and spina bifida results. The formation of the tracheo- 
esophageal fistula ma)'^ be similarly considered. The two tubes, namely, 
a dorsal esophagus and a ventral trachea, are formed normally from one 
tube as the result of cellular proliferation at opposite lateral internal 
surfaces, a- and a- (fig. 35), and not as a result of mesenchyme pushing 
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the opposing lateral surfaces together at h and b'. If now for any 
reason a deficienc}’- in the cells at a and a' causes altered proliferation 
and nonunion, a fistula between the trachea and the esophagus remains. 
The deficiency in the dorsal entodermal cells that were to give rise to 
the esophagus directly above this site may have resulted in its non- 
formation. Thus atresia of the esophagus results. There is some 
evidence that the entoderm shared in this disturbance, not only in this 
region but also by that over a wider area and even the surrounding 
mesenchyme. The abnormal histology of the tracheal and esophageal 
mucosa and the increased irregular musculature described under histol- 
ogy may be considered in this light. 

If one begins with the 4 mm. embryo and traces the entoderm that 
is later to give rise to that portion of the esophagus dorsal to the pul- 
monar}^ anlage, which is most concerned in the production of this 
anomaly, back through reconstructed models of earlier embryos it will 
be seen that in a presomite embiyo the anterior termination of the 
neurenteric canal is in direct proximity to this portion of the entoderm. 
This relationship may conceivably play some role. In one of Dr. 
Streeter’s embiyos the neurenteric canal can clearly be seen to take 
an oblique course through the notochord from a dorsal caudad region 
to a ventral cephalad area in the entoderm. But whether the neurenteric 
canal plays any role or not, the primary change, according to the 
explanation presented here, is an early fundamental one that results in 
altered or deficient cell growth. This interpretation of the morphogenesis 
is not so different from those that concern altered septums and clefts. 
It dift’ers markedl}^ however, from those in which the anomaly is 
asci'ibed to a mechanical cause. The etiologic factor is a fundamental 
change that rests probably on a genetic basis and not in primary concom- 
itant associated abnormalities, such as an anomalous cardiovascular 
system. 

SUMMARY 

The gross structure of 8, and the microscopic structure of 4, cases 
of congenital atresia of the esophagus are described, with a review of 
the literature. 

Reports on the histologic structure of this anomaly are infrequent. 
IMicroscopic examination in the cases presented revealed tracheal struc- 
tures in the fistulous end of the lower segment of the esophagus. 
Although the gross structure of the anomaly is markedly constant, the 
microscopic structure, according to the histologic reports, presents 
marked variations. 

The development of the anomaly seems to rest on an early funda- 
mental change in the entodermal cells that are to gir'e rise to the 
esophagus, and not on primary concomitant abnormalities. This change 
may be genetic and related to the anterior end of the neurenteric canal. 
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Among the lesions of the hematopoietic apparatus, the changes 
involving proliferation of the reticulum cells have recently aroused 
increasing interest. Tumors of bone, single or multiple, deriving from 
endothelial cells as a matrix are well known, and as to their classifica- 
tion we refer to Ewing's work. There occurs, however, a rarer form 
of bone lesion in which the cells involved are apparently of a different 
type, as there is not the slightest tendency toward formation of vascu- 
lar structures. These cells are also morphologically different from 
those described as occurring in the endotheliomas of bone. These 
lesions occur occasionally in connection with changes in other parts of 
the hematopoietic system, for example, in the lymphatic tissue, the 
spleen and the liver. They are accomjjanied in some instances by an 
invasion of the blood stream by immature leukocytes. 

The number of such cases, either of the leukemic or of the aleukemic 
type, in which systemic lesions of the hematopoietic system could be 
established is rather limited ; moreover, this question i§^ of such theoreti- 
cal importance that a detailed description of the following case seems 
justified. 

REPORT OF CASE 1 

A man, 75 years old, admitted to the hospital on account of injuries to his 
right shoulder and hip from falling, died the next day. There was found an intra- 
trochanteric fracture of the right femur. All the bones of the pelvis and of both 
shoulders, the skull and the spine showed considerable mottling on roentgen exam- 
ination. The roots of the lungs were infiltrated. 

Autopsy . — At autopsy, the spleen was considerably enlarged and firm. The 
capsule was thick and milky. On section, it was smooth and showed a peculiar 
pattern, due to irregular, pale, pinkish-yellow and often coalescing areas in the 
pulp. The trabeculae stood out well. The follicles were hardly visible. 

The liver was of medium size and rather hard, the surface smooth and the 
capsule thin and transparent. On section, a fine trabecular pattern of white color 
was noted. It spread irregularly over most of the reddish-brown parenchyma. 

The abdominal ljunph nodes were enlarged, the largest occurring about the 
portal region. They were soft, and on section were finely granular and white. 
Other enlarged nodes were found in front of the vertebral column and in the right 
inguinal region. 

* Submitted for publication, Aug. 8, 1931. 

*From the Department of Laboratories, United Israel Zion Hospital. 
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Wedges cut out from the lumbar vertebrae showed the substitution of the spongy 
bone by a compact yellowish tissue. In between there were scattered reddish areas, 
containing islands of spongy bone with marrow. The ribs also showed substitution 
of their spongj'^ structure bj'^ compact, sclerotic, yellowish-white tissue. 

The neck of the right femur was fractured. The surrounding soft tissues were 
infiltrated with blood. There was a cavity in the neck of the femur about the size 
of a goose egg extending upward to the head on one side and downward to the 
greater trochanter on the other. The adjacent bony tissue was brittle, and between 
the fragments of the broken wall of the cavity was soft, moist, dark red tissue. 
Below the cavity, the shaft showed substantial, compact bony corte.x with an unusu- 
ally wide marrow cavity, filled with a rather solid, grayish-red marrow. 

Histologic Exciitinatioii. — The tissue infiltrating the bones in the vicinity of 
the fracture, as well as in the ribs and vertebrae, consisted of spindle-shaped cells 
with ample cytoplasm and bipolar processes that occasionally seemed to continue 
into fibrils. The nuclei were elongated or oval and vesicular, and contained fine 
chromatin granules. Between the spindle-shaped cells there were others, round 
and containing round or bean-shaped nuclei. There were also numerous myelocytes, 
mau}^ with eosinophilic granules, and mononuclear agranular cells that looked like 
myeloblasts. Typical bone marrow giant cells and occasional lymphocytes also 
occurred. Some of the tumor cells had larger, even giant nuclei, but they were 
always poorer in chromatin than the m3'eloplaques. Sections stained with Mallory’s 
aniline blue-orange mi.xture revealed a fine network of pale-bluish fibrils inter- 
connecting the spindle-shaped cells. Silver impregnation showed that these were 
reticulum fibrils. 

In the spleen, very small atrophic follicles and heavj" trabeculae were seen. The 
pulp was rather cellular in places, but presented also extensive areas of fibrosis. 
Brownish-yellow pigment was present and particularly abundant in the periphery 
of the fibrotic areas. Under higli power, these fibrotic areas showed small, spindle- 
shaped cells embedded between hj'aline fibrils. The cellular part also contained 
large collections of spindle-shaped cells, numerous polymorphonuclear cells and 
myelocjdes, many of which were eosinophilic. The brown pigment was partly 
extracellular and partly inside the reticulum cells. Some of the splenic sinuses 
were obliterated ; others were patent and lined b3’^ small cuboidal or flat cells. 
Mallory’s stain showed a dense network of fibrils, coarse and dark blue in the 
fibrosed areas, and fine and pale purplish in the cellular areas. Silver impregna- 
tion revealed a dense network of fine argentophil fibers throughout the pulp, with 
coarse fibrils in the fibrous areas. The small l3miph follicles were tlie only places 
free from these fibrils. 

The l3^mph nodes presented a plexiform arrangement. The plexuses were 
separated by loose connectve tissue, holding 1113113’- small blood and bmiph vessels. 
Occasionalty, the plexuses showed remnants of lymphatic tissue, particularl3’ those 
at the periphery of the node. The preponderant cells, however, were the same, 
niostl3' spindle-shaped cells, described in the bone marrow. The3^ grew sometimes 
in the form of parallel fibrillar strands. Silver impregnation showed a rather dense 
network of argentophil fibrils, in the meshes of which were embedded pale-yellowish 
reticulum cells. Groups of lymphocytes, where present, stained darker and showed 
almost no intercellular fibrils. Mallory’s stain brought out the same points. 

The hepatic cells contained a good deal of hemosiderin, especial^' those in the 
peripher3’ of the lobules. The periportal connective tissue was rather cellular. 
There were also cellular foci without 3113'- relation to the periportal fields. Some 
of the smaller foci were apparentl3’ developed in the spaces between two hepatic 
trabeculae, while the larger nodules seemed to replace the hepatic tissue, as shown 




Fig. 1. — Spleen, showing remnant of malpighian follicle surrounded by spindle- 
shaped reticulum cells, and an adjacent area of fibrosis. 



Fig. 2. — Lymph node, showing lymphatic tissue replaced by proliferated reticu- 
lum cells, and wide lymphatic sinuses lined with endothelium. 
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by occasional remnants of hepatic cells within the nodules. Most of the cells were 
of the spindle-shaped t 3 'pe, but in between there were also lymphocytes, poh^or- 
phonuclear cells, myelocytes and numerous eosinophils. Examination under the high 
power lens showed accumulations of elongated cells in the capillaries even at a 
distance from the larger nodules. These cells were either identical with, or resem- 
bled closely, Kupffer cells. In some capillaries, the Kupffer cells could be seen in 
the process of division, two or three of these cells taking the place of one. Other 
capillaries showed larger groups of cells, some of which were also larger in size. 
Still others were not only plugged b}”^ such cells, but also visibly distended by their 
accumulation until eventually the nodular stage was reached. Thus was seen an 
unbroken chain from the division of the single Kupffer cell to the formation of the 
grossly visible nodule. 



Fig. 3. — Liver, showing nodule formed bj'^ proliferation of Kupffer cells. 


In searching the literature, tve were able to find twenty-two similar 
cases. ^ 


1. Akiba, R. ; Virchows Arch. f. path. Anat. 260:262, 1926. Bock, H. E., 
and Wiede, K. ; ibid. 276:553, 1930. Borissowa, A.: ibid. 172:108, 1903. Deris- 
chanoff, S. M.; Frankfurt. Ztschr. f. Path. 41:184, 1931. Ewald, O. : Deutsches 
Arch. f. klin. Med. 142:222, 1923. Feller, A., and Risak, E. : Folia haemat. 43: 
377, 1931. Goldschmidt, E., and Isaac, S. : Deutsches Arch. f. klin. Med. 138:291, 
1922. Goedel, A.: Frankfurt. Ztschr. f. Path. 29:375, 1923. Hittmair, A.: Folia 
haemat. 37:321, 1928. Letterer, E. : Frankfurt. Ztschr. f. Path. 30:377, 1924. 
Paine, C. G. : J. Path. & Bact. 34:139, 1931. Pentmann, I. : Frankfurt. Ztschr. 
f. Path. 18:121, 1916. Reschad, H., and Schilling, V.; Miinchen. med. Wchnschr. 
60:1981,1913. Richter, M. AI. : Am. J. Path. 4:285, 1928. Roulet, F. : AHrchows 
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In addition to these systemic cases, we found a number of others in 
which only a specimen of tissue from a lymph node or a tonsil was 
examined.- The changes were comparaljle with those observed in the 
lymph nodes in some of the systemic cases. One case (Roulet’s case 8) 
came to autopsy. It showed also involvement of the mediastinum, 
lungs and thyroid gland. Myelogenous leukemia seems to have been 
present in one other case (Roulet’s case 9). We also observed a case 
of this type in which the clinical picture was suggestive of a systemic 
lesion. 

REPORT OF CASE 2 

A man, aged 35, complained of pain in the right hip, in both flanks, and in the 
epigastrium and of great loss of weight. The spleen was enlarged, and there was 
a chain of palpable glands in the neck. The temperature ranged between 101 and 
104 F. ; the urine contained casts and leukocytes ; there were marked secondar}' 
anemia and leukocytosis with 13 per cent eosinophils and occasional myelocytes. 
Roentgen examination showed destruction of the body of the right os innoniinatum, 
internal to the acetabulum. The patient was discharged after one week and shortly 
afterward died. 

Biops}^ of a lymph node showed complete obliteration of the original structure. 
There were still lymphocytes left in the tissue, but they were irregularly scattered 
throughout. Instead there were irregularly distributed cells of odd shapes and 
varying sizes. Most of these were large, and their cytoplasm was more or less 
abundant; yet two different cell types could be distinguished: One assumed a pale 
stain and had fibrillar, not collagenous, stroma. The nuclei of these cells were 
vesicular and pale and occasionally showed nucleoli. The other cell type was 
conspicuous for the intense basophilia of the cytoplasm. It stained so intensely 
with hematoxylin that it was often impossible to distinguish the nucleus from the 
cell body. The nuclei were hypochromatic and oddly shaped. Some showed evi- 
dence of karjmrrhexis ; others showed atypical mitotic figures. Transition forms 
between the two major cell types were common. 

The large basophilic cells had a tendency to form groups that were often almost 
trabecular. Some of them were also found within the lumen of the larger lym- 
phatic spaces, which were lined with a flat endothelium or occasionally with cells 
that seemed to participate in the changes described. 

Another very small lymph node showed almost normal structure with a few 
secondary follicles, except for an overabundance of h'^mph spaces which were lined 
with endothelium, often large and of peculiar appearance. There was also a definite 
hyperplasia of reticulum cells, many of which had taken up pigmented particles. 
A few scattered reticulum cells were conspicuous for their irregular hyperchromatic 
nuclei. Such cells were somewhat more numerous in the center of the secondar}"^ 
follicles. 


Arch. f. path. Anat. 277:15, 1930. Sachs, F., and Wohlwill, F. : ibid. 264:640, 
1927. Schultz, A.; Wermbter, F., and Puhl, H. ; ibid. 252:519, 1924. Swirts- 
chewskaja, B. : ibid. 267:426, 1928. Terplan, K. : Verhandl. d. deutsch. path. 
Gesellsch. 25:69, 1930. Terplan, K., and Mittelbach, M. : Ahrehows Arch. f. path. 
Anat. 271:259, 1929. Tschistowitsch, T., and Bykowa, O. : ibid. 267:91, 1928. 
Ugriumow, B. : Centralbl. f. allg. Path. u. path. Anat. 45:103, 1928. 

2. IComocki, W.: Virchows Arch. f. path. Anat. 250:517, 1924- 277-605 1930 
Roulet, F.: ibid. 277:15, 1930. 
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COMMENT 

In reviewing the previously reported cases of similar character, we 
were impressed with one feature which was common in all of them 
as well as in our own: the proliferation of the reticulum cells in a 
manner that it is fair to call systemic. The most generalized condition 
was that described by Bock and Wiede, who observed a case of mono- 
cytic leukemia with infiltration of the liver, spleen and lymph nodes. 
The changes in the bone marrow were rather insignificant, which is 
the more remarkable as the proliferation of histiocytes throughout the 
connective tissue seemed to indicate a rather generalized activation of 
the mesench3'ma. 

The most frequently involved organ was the spleen, with the liver 
second. The bones and the bone marrow also showed changes in most 
of the cases. The lymph nodes, which were involved in the majority 
of the cases, were the main seat of the lesion in some of Roulet’s 
series and in Goedel’s case. It remains questionable whether the involve- 
ment was reall}^ systemic in our second case, in those of Komocki and 
in several others reported b}"^ Roulet. Only in some cases did the pro- 
liferation of the reticulum cells assume such proportions as to suggest 
a malignant neoplasm. These cases include our own second case, 
Schultz and associates’, Richter’s and three of Roulet’s series. 

It seems beyond reasonable doubt that the proliferating cells came 
from the so-called reticulum cells of the spleen, bone marrow and 
lymphatic tissue and from similar cells in the liver. The variety of 
appearance of these cells was noticed in most of the cases and brought 
out strikingly in ours. The cells were often spindle-shaped and showed 
a tendency to participate in the production of intercellular fibrils. The 
nature of these fibrils was not studied carefully in most of the cases. 
In our case, as shown by van Gieson’s and Mallory’s stains and by 
silver impregnation, the fibrils appeared to belong to the reticulum and 
not to the collagenous fibers. Goedel rei^orted similar observations. 

However, the spleen in our case showed areas of definite fibrosis, 
that is, the development of collagenous fibrils, which stained a bright 
red with van Gieson’s stain and did not impregnate with silver. Boris- 
sowa described similar fibrotic areas in the spleen in her case. In view 
of the fact that gradual transition could be observed from the argen- 
taffine reticulum to the areas of collagenous fibrosis, we are of the 
opinion that the fibrotic areas represented a late stage in the lesion. 
This would indicate that the pathologic reticulum cells may acquire 
fibroblastic properties in the sense that they produce collagenous con- 
nective tissue. A fibrotic replacement of structures previously built 
by reticulum cell proliferation is conceivable : yet our sections did not 
show any proliferation of fibroblasts, nor any such invasion of the 
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areas in question. The burden of the proof that reticulum cells do 
not form collagenous tissue falls on those who are not willing to 
admit this possibility. 

The proliferated reticulum cells were also described by many 
authors as polygonal with scanty cytoplasm, yet showing processes 
that connected with the fibrillar netwoi'k of the reticulum. Pentmann 
and others described the occurrence of giant cells in the lesions. We 
saw such cells in the bone marrow. Most of the authors believed that 
these giant cells were the result of incomplete amitotic division. They 
varied in size, were irregular, and contained as many as six nuclei 
with a fine chromatin network and distinct spherical nucleoli. The cell 
body showed indistinct outlines and coarse processes. The proliferation 
of these cells at times led to the formation of multinucleated proto- 
plasmic masses of peculiar appearance. 

Another type of cell that occurred in our case as well as in those 
of Akiba and Roulet was a large, round cell with round nucleus, which 
did not show fibrillar connection with the reticulum, and which was 
found free either in the meshes of the reticulum or in the open lumen 
of lymphatic and blood capillaries. This cell was, as a rule, distinctly 
basophilic. Its cytoplasm was in many cases more abundant than that 
of a myeloblast. Transitions between this round cell type and the 
spindle-shaped form were clearly demonstrable. It appeared to be a 
cell that had come from the same matrix, but that had lost its ability 
to produce reticulum fibrils. In other words, the cell was less differen- 
tiated and was reverting to the type of a more primitive mesenchymal 
cell. 

The intertrabecular blood spaces in the liver showed extensAe 
accumulations of cells, not only in the cases of leukemic type, but 
also in those in which the blood did not disclose evidence of leukemia. 
Moreover, proliferation of spindle-shaped cells was clearly demonstrable. 
Their morphology excluded the possibility that we were dealing with 
hematogenous cells. The question arises whether these cells were 
products of the lining endothelium of those sinuses, or whether they 
derived from other mesenchymal cells located in the intertrabecular 
spaces and not forming part of the endothelial lining. It hardly seems 
justifiable to distinguish between phagocytic mesenchymal (Kupft'er) 
cells and lining endothelium. It is highly probable that the phagocytic 
stellate cell represents only a functional stage in the life cycle of the 
intertrabecular hepatic capillary endothelium.- We believe, therefore, 

3. Goldzieher, At. A., and Peck, S. M. : Experimental Studies on the Reticulo- 
.Endothelial System: I. Response to Infection, Arch. Path. 3:629, 1927; II. Effect 
of Mercury Salts and Siilpharsphenamine on Reticulo-Endothelial Cells ibid 3-635 
1927. • . • • - 



780 


ARCHIVES OF PATHOLOGY 


that the lining endothelium of the hepatic caiMllaries participates in the 
systemic proliferation of the reticulum cells. 

Of special interest is the proliferation of the endothelium of the 
splenic sinuses, which was noticeable in several cases. The case of 
Pentmann is particularly noteworthy because the changes were accom- 
panied by the formation of a large, cavernous, angiomatous nodule in 
the spleen and also in one of the vertebrae. These observations would 
indicate that the sinus endothelium in the spleen and liver is not as remote 
from the reticulum cells as it was claimed at one time to be. They 
represent, indeed, an instance of special differentiation that serves dif- 
ferent purposes, and this is expi'essed by morphologic dissimilarity. 
Essentiall}', however, these cells are all derived from the same primi- 
tive mesench3anal cell. Although the}^ represent products of diverging 
differentiation, still they belong to the same class of reticulo-endothelial 
cells and may participate in the changes which befall, as a rule, more 
conspicuousl}^ the reticulum cells proper. 

The real nature of the lesion described is difficult to define. This 
is brought out by the diversity in the nomenclature. Some of the 
cases were described as granulomatous lesions and others as leukemia. 
Some authors chose the noncommittal term of hyperplasia of the retic- 
ulo-endothelial apparatus, while others selected the new terms of 
reticulosis, reticuloma and reticulo-endotheliosis. In some of the cases, 
the neoplastic character of the lesion was so striking that the term 
reticulosarcoma or retothelsarcoma was applied. This list of more 
or less suggestive names should not include the misleading terms used 
by some authors, such as angiosarcoma. 

In our first case, the lesion of the bones was certainly suggestive 
of a malignant neoplasm, whereas the appearance of the spleen, lymph 
nodes and liver indicated a systemic involvement of hyperplastic rather 
than of neoplastic nature. It is well known how difficult it is to draw 
sharp lines of demarcation betAveen cases of systemic invoh'^ement of 
the hematopoietic apparatus. We refer to the leukosarcoma of Stern- 
berg, in Avhich leukemia is associated with a growth of unquestionably 
sarcomatous beharnor and microscopic appearance. also refer to 

Hodgkin’s disease, in AAdfich the systemic formation of granulation 
tissue is not infrequently associated Avith aggressiA'^e, sarcoma-like pro- 
liferation of the ncAvl}' formed tissue. These cases were spoken of 
by EAving as Hodgkin’s sarcoma. 

Roulet drcAv attention to the similarity betAA’-een certain conditions 
described as lymphosarcoma and AAffiat he calls retothelsarcoma of the 
lymph nodes. It is obAdous that many of the older authors, including 
Ghon and Roman, ^ described sarcoma of reticulum cells as lympho- 

4. Ghon, A., and Roman. B. ; Frankfurt. Ztschr. f. Path. 19:1, 1916. 
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sarcoma. Most of these were not of a systemic type, while others 
approached a degree of dissemination that may bring them within the 
fold of systemic lesions. It is important to stress that none of the 
cases, with the exception of Pentmann’s. showed any attempt at differ- 
entiation into structures of endothelial character. This applies also to 
Paine’s case, although he mentioned a tubular structure, but one with- 
out definite lumen. His choice of name, “angiosarcoma,” does not seem 
to be warranted by his own description. None of the lesions of the 
bone marrow cited in this paper showed any of the features character- 
istic of endothelioma of bone. The latter, and particularly Ewing’s 
diffuse endothelioma, seem to come from cells that maintain a higher 
degree of differentiation, remaining specialized endothelial cells, not- 
withstanding their neoplastic tendencies and their derivation from the 
same matrix that is involved in the systemic process investigated in 
this paper. Careful comparison with several cases of Ewing’s tumor 
has convinced us that it is impossible to differentiate histologically the 
tumor-like lesions in cases of systemic involvement of the reticulo- 
endothelium from Ewing’s diffuse endothelioma of bone. 

There are no definite criteria at present by which one can classify 
a lesion as neoplastic instead of hyperplastic. Thus it seems justified 
to stress the systemic nature of the lesion described and to designate 
it with the somewhat indefinite term of reticulosis, in order to dis- 
tinguish it from related, hut more localized and apparently more 
definitely aggressive lesions (reticulum sarcoma). 

The relationship of the term reticulosis, in the sense applied by us, 
to the more commonly used terms, myelosis and lymphadenosis, may 
cause some misunderstanding. Both these terms are used instead of 
the ancient expression leukemia to designate a systemic disease in 
which myeloid or lymphatic cells are formed in excess, and in which 
many of these cells do not reach a stage of full differentiation and 
maturity. Both myelosis and lymphadenosis may or may not be accom- 
panied by invasion of the blood stream, that is, by the clinical symptoms 
of leukemia. Essentially, however, both forms — whether leukemic or 
aleukemic — consist of a systemic hyperplasia of myeloid or lymphatic 
cells, respectively. Reticulosis, in contradistinction to both, represents 
h3^perplasia of the third main constituent of the hematopoietic tissues. 

It stands to reason that reticulosis may also occur in a leukemic 
form. The dominating cell type in these cases is the monocyte, and 
the literature on monocytic leukemia includes already a number of 
reports of well studied cases. The reticulo-endothelial origin of these 
cells was demonstrated in several of these cases by numerous transition 
forms in the circulating blood between mature monocytes and their 
stem cells, and particularly by the evidence that many of the proliferat- 
ing reticulo-endothelial cells were being mobilized, since they were 
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found free in the lumen of hejxitic or sjDlenic sinuses. Richter described 
his case as one of lymphatic leukemia and Roulet his as one of myelog- 
enous leukemia, yet without any details as to the blood picture or as 
to changes in the bone marrow. Thus it is impossible to decide whether 
these cases represent merely a coincidence of leukemia with reticulosis, 
or whether the leukemic blood changes were in some way based on 
proliferation of reticulum cells. 

.SUAf JIARY 

A case of generalized proliferation of the reticulo-endothelial cells, 
with involvement of the bones, the spleen, the liver and lymph nodes, 
is described. Another case is described in which a comparable lesion 
developed from the reticulum cells of the lymjdi nodes. The relation- 
ship of both cases to others previously reported is discussed. The 
name reticulosis is suggested for this process, which may or may not 
associate itself with leukemia. Reticulosis cannot be always sharply 
demarcated from neoplastic conditions, and a number of cases remain 
on the borderline between reticulosis and reticulum cell sarcoma. 
Instances of the latter, which localizes in one place (lymph node or 
tonsil) have been previously classilied as lymphosarcoma. Hodgkin’s 
sarcoma, or endothelioma of lymph nodes. 



THE GRADING OF CARCINOMA OF THE CERVIX 
UTERI AS CHECKED AT AUTOPSY* 

SHIELDS WARREN, M.D. 

BOSTON 

Although numerous attempts have been made to evaluate the clinical 
significance of histologic variations in malignant tumors/ the subject is 
still far from settled.- Various factors have been introduced in an effort 
to increase the accuracy of histologic grading. Some of these factors 
are anatomic, such as the location and the extent of the tumor, but 
clinical factors have been introduced as well, in an effort to maintain cor- 
relation between the grading and the end-result. Even economic status 
deserves consideration. 

The inherent difficulties in any attempt to use duration of life as a 
criterion for the efficacy of the histologic grading of tumors are obvious. 
Thus, when any such scale is used, if it is to be at all accurate, it must 
allow for the normal duration of life in the untreated patient, the ade- 
quacy or inadequacy of treatment in the individual case, the fact that 
occasionally a patient dies as a result of treatment rather than of the 
disease itself and finally the fact that death may occur from entirely 
unrelated causes. Moreover, many of the patients do not die from car- 
cinoma as such, but from related' mechanical injuries, such as hydro- 
nephrosis. 

A renewed incentive to attempts at grading was given by Ewing,® 
who pointed out that the histologic appearance often affords important 
clues to the radiosensitivity or radioresistance of a given growth. 

Since most of the studies have used clinical criteria, particularly the 
duration of life after the onset of the disease, for the determining of the 
degree of malignancy, it has seemed worth while to attempt a study 
using largely pathologic data. 

* Submitted for publication, June 22, 1931. 

*From the Pathological Laboratories of the New England Deaconess and the 
Collis P. Huntington Memorial Hospitals, and the Department of Pathology, 
Harvard Medical School. 

1. Broders, A. C. ; Squamous Cell Epithelioma of Lip, J. A. M. A. 74:656, 

1920. Martzloff, K. H. : Carcinoma of Cervix Uteri, Bull. Johns Hopkins Hosp. 
34:141, 1923. Hueper, W. C. ; The Relation of the Histological Structure to the 
Prognosis of the Carcinomata of the Uterine Cervix, Surg., Gynec. & Obst 47 ‘50^ 
1928. • • 

2. Plaut, A. : Relation of Prognosis to Histologic Findings in Carcinoma of 
Cervix, Surg., Gynec. & Obst. 43:450, 1926. Reimann, S. P. : Issues at Stake 
in the Grading of Tumors, Arch. Path. 8:803, 1929. 

3. Ewing, J. : Radiosensitivity, Radiology 13:313, 1929. 
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The present study is based on the observations at autopsy in one 
hundred and two cases of carcinoma of the cervix uteri. The power 'of 
a tumor to metastasize has been taken arbitrarily as an index of its 
degree of malignancy. While perhaps the power of metastasis is a one- 
sided criterion of malignancy, its use has certain definite advantages. 
The personal equation is largely eliminated. Variations in type and 
efficienc}’’ of treatment are compensated for to some extent. Variations 
in clinical factors may be largely neglected. Intercurrent disease 
processes have little influence. 

The primary tumors were graded ; the sections were compared with 
the previous biops)'- specimens, if any, and then the distribution of 
metastases was studied. A modification of Broder’s classification was 
used, dividing the epidermoid carcinomas, on the basis of differentiation 
of the tumor cells, frequency of mitosis and relation of tumor to stroma, 
into three groups: group 1, of low malignancy; group 2, of medium. 

Table 1, — Distribution of Cases by Types 


Type nncl Grade 

Cases 

Average Age of 
Patient at Death 

Average Duration 
of Disease'* 

Epidermoid Cnrcinoma: 

Grade 1 

23 

fiS yr., 7 mo. 

2 yr„ 9 mo. 

Grade 2 

44 

51 yr. 

2 yr., 1 mo. 

Grade 3 

IS 

45 yr., 4 mo. 

1 yr., 2 mo. 

Adeno-aeantlioma 

C 

53 yr., 3 mo. 

2 yr., 3 mo. 

Adenocarcinoma 

s 

57 yr., C mo. 

3 yr., C mo. 

Cases in whieli nil tumor was dc.«troyed 

3 

47 yr., 7 mo. 

1 yr. 

Total 

102 

51 yr., 5 mo. 

2 yr., 2 mo. 


* Duration unknown, 2 cases. 


and group 3, of high. In addition, the adeno-acanthomas (combined 
epidermoid and adenocarcinoma) and the adenocarcinomas of the cervix 
have been included. 

In three cases, all of the tumor had been destro)'-ed by the treatment 
and no metastases were found, death resulting in one of the cases from 
cachexia and in the other two from sepsis. These cases are particularly 
worthy of note, in that the short duration of life after treatment, 
averaging 7.6 months, would be considered as evidence of the presence 
of a highly malignant type of tumor. • 

In table 1, the distribution of cases by grade and type is shown, with 
the average age of the patients at death. As can be seen in table 1, a 
considerable proportion of the cases fall into grade 2, those of moderate 
malignancy. This is not because grade 2 is merely a scrap-bag for cases 
that do not fall definitely into group 1 or group 3, as only the cases are 
included in each group that meet the criteria for that group. 

The average duration of all cases of the disease, both those in which 
there was treatment and those in which there was not, was 2.2 years. 
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In table 2 the types of treatment are given. It will be seen that the 
duration from the apparent onset of the disease to treatment is long in all 
cases, except the highly malignant cases of grade 3, the progress of which 
forced the patients to seek treatment within 7 months, on the average. 
In striking contrast are the three cases in which all the tumor was 
destroyed by treatment ; in these the duration of symptoms before treat- 
ment had been only 4.7 months. 

The biopsy specimens of the tumors that were entirely destroyed 
by treatment showed them to have been epidermoid carcinomas, grade 2. 

Table 2. — Types of Treatment 


\ 


Epidermoid 

Carcinoma 

t \ 

Grade Grade Grade 

Adeno- 

acan- 

Adeno- 

carci- 

Cases in 
Which All 
Tumor 
Was 


Cases 

1 

2 

S 

thoma 

noma Destroyed 

Total number ot cases 

102 

23 

44 

IS 

6 

8 

3 

Untreated 

19 

6 

10 

2 

1 



Treated by operation only 

6 

. . 

4 

1 


i 


Treated by radium only 

46 

12 

16 

11 

2 

4 

i 

Treated by x-ray only 

1 


1 





Treated by operation and radium 

14 

i 

8 

2 

i 

i 

i 

Treated by operation and x-ray 

2 

. . 



1 

1 


Treated by operation, radium and x-ray.. 

3 

1 

i 

i 



. . 

Treated by radium and x-ray 

11 

8 

4 

1 

i 

i 

1 

Average duration until treatment’ 

11 mo. 

1 yr., 

1 mo. 

11 mo. 7 

mo. 

11 mo. 

1 yr., 

9 mo. 

5 mo. 


* Duration unknown, 0 eases. 

Table 3. — Distribution of Metastases 


Metastases Metastases 

to Regional to Distant Visceral Metastases 

Metastases Lymph Lymph , , 

Type and Grade Cases Absent Nodes Nodes Cases Pereentage 

Epidermoid Carcinoma: 

Grade 1 23 13 7 3 l 4 

Grade 2 44 10 33 20 16 34 

Grades IS 2 14 14 12 67 

Adeno-acanthoma 6 .. 5 3 4 67 

Adenocarcinoma 8 3 5 3 2 25 


This is in accord with clinical studies, which have shown grade 2 
carcinomas of the cervix to respond best to irradiation. 

Of minor interest is the frequent occurrence of vesicovaginal and 
rectovaginal fistulas in these cases. While of the forty-five patients in 
whom fistulas developed, thirty-two were radium-treated, there is no 
significant difference in the incidence of fistulas in the radium-treated 
patients and in the untreated patients or those treated with x-rays or 
operation, fistulas developing in 43 per cent of the radium-treated ones 
and 46 per cent of the others. In a few radium-treated patients, how- 
ever, the character of the tissue surrounding the fistulas strongly sug- 
gested radiation necrosis as the cause for their presence. 

The distribution of metastases is presented in table 3. 




786 


ARCHIVES OF PATHOLOGY 


Of the epidermoid carcinomas, grade 1, thirteen, or 57 per cent, had 
no metastases, and only one, or 4 per cent, had visceral metastases. Of 
those of grade 2, only 23 per cent were without metastases ; 77 per cent 
showed metastases to lymph nodes, and 34 per cent showed visceral 
metastases. Metastases were the rule with those of grade 3, only 11 per 
cent remaining localized, whereas 67 per cent had visceral metastases. 
Not one of the adeno-acanthomas remained localized, and again 67 per 
cent showed visceral metastases. The adenocarcinomas of the cervix are 
definitely less malignant than the adeno-acanthomas, 38 per cent remain- 
ing localized and only 25 per cent showing visceral metastases. 

From these figures it may be seen that there is a close correlation 
between the histologic degree of malignancy of a tumor of the cervix 
uteri and its power to set up metastases. One epidermoid carcinoma 
of grade 1 and two of grade 2 developed in the retained cervix. 

Six instances of multiple malignancy were encountered in the series : 
One was a very early adenocarcinoma of the fundus uteri, co-existing 
with an epidermoid carcinoma, grade 1, of the cervix; another was a 
carcinoma of the stomach, co-existing with an epidermoid carcinoma, 
grade 1, of the cervix; three were malignant adenomas of the rectum, 
two co-existing with an epidermoid carcinoma, grade 1, and one with an 
epidermoid carcinoma, grade 2, and there was one case of renal adeno- 
carcinoma of the kidney co-existing with an epidermoid carcinoma, 
grade 3. 

By far the commonest cause of death in the group was uremia result- 
ing from ureteral obstruction, renal infection or a combination of the 
two. This caused one third of the deaths. Other important causes were 
cachexia, peritonitis, pneumonia, hemorrhage and intestinal obstruction. 

SUMMARY AND CONCLUSIONS 

A comparison of the distribution of metastases in one hundred and 
two cases of carcinoma of the cervix uteri in which autopsies were per- 
formed shows close correlation between the degree of malignancy as 
estimated b}^ histologic grading and the distribution of metastases. 

Metastasis is uncommon in epidermoid carcinoma, grade 1, and 
visceral involvement is very rare. In epidermoid carcinoma, grade 3, 
and in the adeno-acanthomas, metastasis to lymph nodes is the rule, and 
visceral metastases are common. So far as distribution of metastases 
is concerned, the degree of malignancy of epidermoid carcinoma, grade 
2, and of adenocarcinoma of the cervix is approximately the same. 

Impairment of renal function is the most common cause of death in 
cases of carcinoma of the cervix uteri. 
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III. THE EFFECT OF DIVERTING THE PORTAL BLOOD ON THE 
RESTORATION OF THE LIVER AFTER PARTIAL REMOVAL 

One of the most outstanding characteristics of the liver is its restora-. 
tion following injury or partial removal. Fishback ^ reviewed the pre- 
vious work concerning this characteristic and presented our data with 
regard to it, which were collected from the observation of dogs, and 
Higgins and Anderson - reported the results of experiments on rats. 
The capacity of the liver to be restored after partial removal has been 
the main difficulty in producing a decrease of hepatic tissue and a 
decrease of function. It seemed of both clinical and experimental value 
to attempt to determine the cause or causes for such reaction, and 
whether any experimental conditions would impair the restorative ability 
of the liver after injury or loss of a portion. If this could be done, a 
method might be established for permanently reducing hepatic tissue and 
for studying reduced hepatic function. It might be of aid clinically in 
determining some of the factors on which such restoration occurs, and 
furnish a basis for the causes of the varied and characteristic changes 
found in cirrhosis. Several years ago, Mann and Magath ® noted that 
restoration of the liver did not occur in an animal with Eck fistula. 
We shall present here more complete data concerning partial removal of 
the liver following diversion of the portal blood from that organ. 

Submitted for publication, July 21, 1931. 

1. Fishback, F. C. : A Morphologic Study of Regeneration of the Liver After 
Partial Removal, Arch. Path. 7:955, 1929. 

2. Higgins, G. M., and Anderson, R. M. : Experimental Pathology of the 
Liver: I. Restoration of the Liver of the White Rat Following Partial Surgical 
Removal, Arch. Path. 12:186, 1931. 

3. Mann, F. C., and Magath. T. B.: The Production of Chronic Liver 
Insufficiency, Am. J. Physiol. 59:485, 1922. 
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Methods . — ^The experiments were carried out on dogs. All operative pro- 
cedures were done under ether anesthesia, and with the employment of sterile 
technic. The portal vein was anastomosed to the vena cava by the modified 
cutting suture of Fischler and Schroder as developed in our laboratory and as 
described by Fishback. After the Eck fistula had been made, the animals were 
carefully observed. These animals do not maintain nutrition well unless special 
care is exercised in their diet ; it has been found that they do best on a diet of milk 
and syrup without meat or other concentrated protein. From 2 to 3 months after 
the portal blood had been diverted, two lobes of liver were removed. The technic 
of this procedure has been described by Fishback. A minimum of 30 per cent of 
the organ was removed. It was found that the intravenous administration of 
dextrose for several da 3 ^s following operation was a distinct benefit. The same 
care with regard to diet was necessary after the liver had been partiallj' removed 
as after the Eck fistula had been made. Even with the utmost care some animals 
did not do well, and frequently 3 or 4 weeks after the second operation a duodenal 
ulcer developed and perforated. In some experiments, exploration was carried out 
at frequent intervals ; the liver was examined for evidence of restoration and a 
specimen was removed for histologic examination. In other experiments, the 
animals were killed at stated intervals after the second operation, and the con- 
dition of the liver was noted. 

Results . — Our observations of the effect of Eck fistula on the liver 
are similar to those described by Whipple and Hooper. ° From six to 
ten weeks after diversion of the flow of portal blood, the liver assumed 
a characteristic condition. On gross examination, the most striking 
changes were in size and color. The liver of an animal with Eck fistula 
atrophied to about half its normal size. Its shape and contour remained 
unchanged, but there was a decrease in all dimensions to about half the 
normal, and it became characteristically pale, mottled and yellow. Micro- 
scopic examination revealed atrophy of the central portions of all lobules, 
with marked accumulation of fat in the hepatic cells of these regions. 
Frequently ihe accumulation of fat was so great that only a rim of the 
protoplasm of the hepatic cell with a nucleus pushed to the periphery of 
the cell remained. Although changes occurred first in the central portion 
of the lobule, they were not always confined to this region, but extended 
also by ramification to the periportal region. After the atrophy had 
reached a certain point, it appeared to remain stationary. 

After the liver had been paidially removed from the animal with Eck 
fistula, the remaining portion usually remained -unchanged. This is in 
marked contrast with the remaining portion of the liver after partial 
removal fi'om a normal dog, in which the edges of the remaining lobes 
become rounded and the lobes dome-shaped, and the total mass of 
hepatic tissue becomes approximately the same as before operation. 

4. Fischler, F., and Schroder, R., quoted by Fishback, F. C. : Anastomosis 
of Portal Vein with Inferior Vena Cava; a Thoroughly Tested and Satisfactory 
Jilethod of Making an Eck Fistula, Ann. Surg. 86:436, 1927. 

5. Whipple, G. H., and Hooper, C. W. : Bile Pigment Metabolism: VI. Bile 
Pigment Output Influenced bj' the Eck Fistula, Am. J. Physiol. 42:544, 1917. 
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When the portal blood was diverted, the edges of the remaining lobes 
remained sharp, and the organ as a whole maintained its atrophic condi- 
tion. In rare instances in which increase in size was noted, blood vessels 
carrying adhesions were always present. Microscopically, the liver of 
the animal with Eck fistula after partial removal differed little from its 
appearance before partial removal. In some experiments it seemed that 
there were fewer cells that appeared normal and more cells that con- 
tained fat. 

Summary . — The portal blood was diverted from the canine liver by 
an Eck fistula, and after the liver had assumed the characterisics of Eck 
fistula, the effect of removing various amounts of the organ on the 
remaining portion was observed. Whereas partial removal of the normal 
liver is always followed by restoration of hepatic tissue, such regenera- 
tion did not occur when the portal blood was diverted. 

IV. THE EFFECT OF PREVIOUS LIGATION OF THE COMMON BILE 
DUCT ON RESTORATION OF THE LIVER FOLLOWING ITS 
PARTIAL REMOVAL IN DOGS 

There are many methods of injuring the liver; probably the most 
common clinical method is obstruction to the outflow of bile. The extent 
to which obstruction of the common bile duct affects the fundamental 
activities of the liver either transitorily or permanently has not been 
clearly indicated. The purpose in this research was to determine the 
effect of obstruction of the outflow of bile on one of the most outstanding 
reactions of normal hepatic tissue, that is, restoration after partial 
removal. 

Methods . — All operations were performed on dogs under ether anesthesia, with 
rigid aseptic technic. The common bile duct was exposed, doubly clamped, cut 
and doubly ligated with linen about 1 cm. from its entrance into the duodenum; 
the duodenal end was not ligated. The gallbladder was removed, because it had 
been found that perforations of the cystic and common bile ducts are more common 
when the gallbladder becomes distended after obstruction to the outflow of bile. 
In order to have a specimen of normal liver for comparison, a triangular wedge 
of tissue was removed from the border of the right ventral lobe and placed 
immediately in Zenker’s solution; the wound was closed with mattress sutures of 
catgut. The weight of the liver was estimated at this time from its size, from 
the size and weight of the dog, and from the table of weights of the livers of 
normal dogs, as outlined by Fishback. After operation the animal was placed on 
a diet of equal parts of milk and syrup, which had been found to be particularly 
valuable for the maintenance of animals with obstruction of the common bile duct. 
At a second operation, from 7 to 52 days after the obstruction of the outflow of 
bile, the liver was partially removed according to the technic described by Fish- 
back. The resected lobes were weighed, and a specimen was fixed. The weight 
of the remaining portion was estimated. A minimum of 30 per cent of the organ 
was always removed, but usually the amount was greater. The appearance of the 
liver, the degree of dilatation of the common and hepatic bile ducts and the degree 
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oi jaundice of the sclera and viscera were noted. The animal was again placed 
on a diet of milk and syrup until the termination of the experiment. Animals 
that did not die when under observation were killed by ether. Necropsy was 
alwa}^s performed promptly. The abdominal and thoracic viscera were weighed 
separately to determine any increase in size. Ligation of the duct was verified, 
and the duodenum was opened to exclude the possibility of reestablishing drainage 
of bile. Tissue from the liver was fixed immediately in Zenker’s solution. Sections 
were prepared pnd stained by the usual technic. 

Results . — The length of life following ligation of the common bile 
duct varied greatl)c Spontaneous death was usuall}'- due to rupture of a 
duodenal ulcer or to distention of the common bile duct, with peri- 
tonitis resulting. Jaundice, perceptible in the sclera from fourteen to 
sixteen hours after operation, increased rapidly, and reached its maxi- 
mum within the first ten days. During this period the sclera, skin and 
mucous membranes became markedly yellow, and the viscera and other 
tissues, including the cartilage, yellowish to yellowish green. The inten- 
sity of the jaundice usually decreased in a few weeks, but normal color 
of the tissues never returned completely. In a few experiments a large 
amount of clear fluid was found in the abdomen from five to ten days 
after ligation of the common bile duct, but in general ascites was usual, 
although not marked. 

At the second operation, the appearance of the liver was typical of 
that associated with obstruction to the flow of bile. It varied in color 
from greenish to brownish black and appeared distended and engorged; 
the individual lobules were prominent. The external surface was smooth 
and glistening, and frequently some adhesions were present between the 
duodenum and the under surface of the right central lobe. The common 
and hepatic bile ducts were usually dilated to about from four to six 
times their normal caliber, and their walls were thin and friable. The 
bile in the ducts was usually thin, watery and greenish brown. The 
microscopic picture consisted essentially of a slight increase in connective 
tissue in the interlobular spaces directly around the dilated bile ducts; 
this increase did not extend around the radicals of the portal vein or of 
the hepatic artery or into the lobule itself. The intrahepatic ducts were 
usually dilated to about twice the usual size, but the cells lining them 
appeared normal. In the interlobular spaces and throughout the paren- 
chyma were numerous large and small areas of new bile ducts, which 
seemed to form whorls of new tissue throughout the organ ; around these, 
connectwe tissue was slightly increased. The cells of the parenchyma 
disclosed little, if any, atrophy or other change, but those bordering the 
areas of new bile ducts were usually more deeply stained. Pigment was 
scattered irregularly throughout the organ, but apparently in the canalic- 
uli rather than in the cells. Except for the presence of the pigment, the 
slight increase in connective tiss'ue around the ducts and the areas of 
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new bile ducts, the organ appeared to be practically normal. There was 
no evidence of the formation of new cells before partial hepatectomy 
was performed. 

The liver was partially removed from 5 to 52 days after ligation of 
the common bile duct; the average interval between the two operations 
was about 30 days. The immediate clinical effect after partial removal 
was slight. Several of the animals gained weight, were only slightly 
jaundiced and seemed to be in excellent health at the end of from 131 
to 141 days after ligation of the common bile duct, or at the end of 
from 101 to 111 days after partial hepatectomy. Ascites was not marked 
when the prescribed regimen was maintained. 

Several months after partial resection of the liver there appeared to 
be less engorgement than after ligation of the duct alone, and the color 
was possibly brownish red rather than greenish black ; however, the organ 
did not differ strikingly from that in the earlier stages after simple liga- 
tion. The obstructed, uninfected organ had not increased in size or 
weight from 3 to 110 days after partial hepatectomy; this is in strong 
contrast with the almost complete regeneration of the unobstructed liver 
that has been demonstrated so often. In the fifth month, or more 
than 100 days after partial hepatectomy, the caliber of the ducts was 
about half what it was in the second month, and the walls were thick 
rather than thin and transparent, as in the earlier stages of distention. 
The character of the bile in the ducts was similar to that found earlier ; 
namely, thin, water}'' and greenish brown, although occasionally white. 
Microscopically, in most cases, from 4 to 30 days after partial hepatec- 
tomy, the sinusoids were dilated and the cells of the parenchyma appeared 
somewhat swollen, but essentially normal. The picture was otherwise 
that of the liver at about the same interval following ligation of the 
common bile duct. In other experiments there was moderate prolifera- 
tion of the cells of the parenchyma, with mitotic figures in various stages, 
but few in number. In the periphery of the lobule and especially around 
the whorls of new bile ducts, there were many areas composed of cells 
that appeared to be newly formed. The typical new cell was smaller than 
the normal parenchymal cell, and the protoplasm was stained a dark 
pink with hematoxylin and eosin. Its nucleus was elliptical or oval, very 
darkly stained and smaller than normal ; a nucleolus was not seen. Later 
there was a more distinct increase in the connective tissue around the 
bile ducts, with a decrease in the pigment scattered throughout the organ. 

Infection played an important part in the jaundiced dogs, and when 
it developed after either ligation of the common bile duct or partial 
hepatectomy, the animal did not live for more than a few weeks. When 
the infection occurred following ligation of the duct, the formation of 
connective tissue was much more marked than without it; when the infec- 
tion was of a severe grade, atrophy of the parenchymal cells ensued 
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rapidly. Infection following partial hepatectomy produced the same 
changes in the remainder of the liver, but it is worthy of note that 
mitotic figures and new parenchymal cells were found in some livers in 
which abscesses were present, although the mitotic figures were not 
usually found in the lobes that contained the abscesses, and a few of the 
infected remaining lobes of liver showed a definite increase in size. 

Couuncnt . — The remarkable restoration of the normal liver after 
partial removal is in marked contrast with the effect of partial removal 
after obstruction of the common bile'duct. Little, if any, increase in the 
size or weight of the liver was noted after the operation was performed 
at varying intervals following ligation of the common bile duct. Shortly 
after removal of a portion of a liver rvith obstructed biliary outflow, the 
hepatic sinusoids became engorged, and occasionally mitotic figures of 
die parench 3 ’ma] cells were obserr^ed. These changes apparently signified 
some slight effort toward restoration, but the size or weight did not 
increase, or increased only to a slight extent ; the edges of the liver 
remained sharp and did not become rounded as in the normal liver after 
partial removal. It is quite evident that restoration of the liver after 
partial removal does not occur or occurs only to a slight extent when 
outflow of bile is prevented. 

Sinninary . — A series of experiments was performed on dogs to 
determine if the liver would be restored after partial removal if the out- 
flow of bile had been previously obstructed. The routine procedures 
were as follows : ( 1 ) ligation of the common bile duct and removal of the 
gallbladder and (2) removal of two or more lobes of the liver at various 
intervals after the production of biliaiy obstruction. It was found that 
partial removal of the liver was not followed by the remarkable restora- 
tion that occurs in the normal liver. 

v. THE El'FECT OF CIRRHOSIS ON RESTORATION OF THE LIVER 

AFTER PARTIAL REMOVAL 

Previous observations of the restoration of the liver after j^artial 
removal have demonstrated that; (1) Removal of a portion of the normal 
liver is always followed by restoration; (2) if the portal blood has been 
diverted by an Eck fistula, restoration after partial removal does not 
occur, and (3) obstruction of the biliary outflow likewise prevents 
restoration of hepatic tissue after partial removal. Our purpose in this 
investigation was to determine if restoration of the cirrhotic liver occurs 
after partial removal. 

Methods . — Dogs were used in all experiments. Cirrhosis was produced by the 
administration of carbon tetrachloride bj' stomach tube; this was done originally 
b}"- Lamson and Wing.® The amount of the drug given varied, depending on its 

6. Lamson, P. D., and Wing, Raj'mond: Early Cirrhosis of the Liver, Pro- 
duced in Dogs by Carbon Tetrachloride, J. Pharmacol. & Exper. Therap. 29: 
191, 1926. 
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acute effect. The usual amount was from 3 to S cc. every 2 to 5 days. From 4 to 
8 months and in most experiments 6 months after beginning the administration 
of the carbon tetrachloride, the animal was etherized, and with aseptic technic the 
liver was explored, the degree of cirrhosis was noted, and various lobes of the 
organ were removed. After permitting sufficient time for the restoration of 
the remaining portion of the liver as it occurs in the normal dog, either exploration 
was again carried out and the condition of the liver noted, or the dog was killed 
by bleeding under ether, the liver was examined and weighed, and sections were 
removed for microscopic examination. 

Results . — The rate and degree with which cirrhosis developed fol- 
lowing administration of the drug varied considerably in the different 
animals, but cirrhosis was found in all of them. When 30 per cent or 
more of the liver was removed with only a moderate degree of cirrhosis 
present, some restoration occurred in the remaining portion, as was evi- 
denced by the rounded edges and dome shape of the lobes, as well as by 
the increase in weight of the entire organ. However, when cirrhosis 
was marked, the surface of the liver nodular, and the whole organ 
atrophic in association with a great increase in connective tissue, little, if 
any, restoration of the remaining portion occurred after partial removal. 
Except when cirrhosis was 'marked, however, slight restoration always 
occurred. There was more evidence of restoration in the cirrhotic liver 
than occurred following either diversion of the portal blood or obstruc- 
tion of the outflow of bile. 

Summary . — Cirrhosis of the liver was produced in dogs by the 
administration of carbon tetrachloride by stomach. When cirrhosis was 
well developed, the liver was partially removed. There was little restora- 
tion of the cirrhotic liver after its partial removal as compared with that 
of the normal liver. Restoration did not occur when the cirrhotic condi- 
tion was well developed. 
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Experiments were undertaken to determine the effect of macerated 
dead tissue on the regeneration of living cells of like kind maintained in 
contact with their normal blood supply. Many substances varying in 
character from complex tissue derivatives to simple inorganic salts have 
been applied to tissues proliferating in vitro. In the tissue cultures, in 
which the conditions of food supply are relatively simple, the mere 
addition or withholding of a substance from the medium may be 
sufficient for a determination of its effect on the cells. However, when 
a substance is placed within the animal, it may be diluted, absorbed, 
changed by the living cells with which it makes contact, or acted on by 
various enzymes. Also the cells on which the action of the substance 
introduced is to be tested are under the influence of factors that limit 
cell growth and control the regenerative processes of the body. Carrel ’■ 
recognized the differences in the conditions under which cells proliferate 
within the animal and in tissue cultures, and made experiments in which 
he applied dead subcutaneous connective tissue to the wounds of dogs. 
He found that the cicatrization of the wounds was thereby delayed. He 
attributed the delay to the exclusion of external irritants that in turn 
stimulate the tissues themselves to produce substances hastening cell 
regeneration. Dvorak and Byram - applied various macerated tissues 
such as liver, kidney and spleen to wounds of the skin, but found no 
striking acceleration of healing. Both Carrel and Dvorak and Byram 
relied on macroscopic examination in a determination of the effects on 
the wounds. Previously Loeb and Spain ® had recognized the limita- 
tions of the naked-eye appearances in a study of the healing of wounds. 
Since our purpose was to determine the effect of certain substances on 
specific cells, it was evident that a histologic study alone would suffice. 

* Submitted for publication, July 2, 1931. 

*From the Department of Pathology, Loyola University School of Aledicine. 

1. Carrel, A.: Proc. Inst. Med., Chicago 8:62, 1930. 

2. Dvorak, H. J., and Byram, J. W. : Proc. Soc. Exper. Biol. & Med. 27:967, 
1930. 

3. Loeb, L., and Spain, K. C. : J. Exper. Med. 23 : 107, 1916. 
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PRODUCTION OF WOUNDS AND PREPARATION OF THE 
MATERIALS APPLIED TO THEM 

The cell of the epidermis seemed well adapted for our study. It proliferates 
in its normal position in the skin and is a highly differentiated cell of specific type. 
Like other epithelial cells, the epidermoid cell maintains intimate contact with the 
vascularized membrana propria and, in the case of wounds, with the granulation 
tissue. Like the other epithelial cells, it thus derives its nutrition from the plasma 
and is brought under the regulatory mechanism that governs cell growth within 
the body. 

The wounds were produced in young white rats weighing from ISO to 250 Gm. 
The rats were originally from the Wistar Institute and had been inbred in a more 
or less haphazard way for a number of years. The technic of producing the 
wounds was as follows: With the animal under ether anesthesia, the back of the 
neck was shaved and disinfected with tincture of iodine followed by alcohol. The 
loose skin was picked up by means of forceps, and two wounds of equal size and 
identical character were made by cutting through the fold of skin with a sharp 
3 mm. leather punch. The two wounds were symmetrically located from 5 to 7 
mm. from the roots of the ears. One of the wounds was filled with the macerated 
tissue or substance to be tested. Both wounds were covered with sterile gauze 
to a distance slightly beyond their margins. To prevent penetration of the collodion 
the gauze was impregnated wtih petrolatum. Dry cotton was spread over this and 
on the skin beyond. Celloidin was applied to the cotton. When dry, the neck 
was encircled by a neckband of stiff white cotton duck which was sewed in place. 
This was made snug, but yet not sufficiently tight to interfere with the circulation. 
Female rats in individual cages gave almost no trouble after the technic was 
learned. 

The dead macerated tissue fell into two main groups. One was that of macer- 
ated epidermis. It was prepared in two ways. After the routine preparation and 
disinfection of the skin of the tail, the outer epidermal layers were removed by 
making strokes with a scalpel toward the root of the tail. Such scrapings included 
not only the cornified layers, but also a large percentage of deeper cells, including 
those from the rete malpighii. The scrapings were crushed in a mortar with a 
pestle and finally ground with a rotary motion. A few drops of sterile water were 
added, and the process was repeated. The mass was kept for twenty-four hours 
at room temperature and then in the icebox until used. The other preparation 
was made from 20 mm. embryos in a somewhat different way. The skin was 
removed from the body and spread on a sterile board with the dermis upward. 
Much of the myxomatous connective tissue was scraped away with a scalpel. The 
tissue including the epidermis was then macerated in the mortar. 

The second group was that of macerated connective tissue, prepared from the 
tail tendons. The skin of the tail was slit and stripped from tip to root. The 
exposed tendons were pulled off and transferred to a sterile mortar. The tendons 
were first finely minced with scissors and then treated like the epidermis. The 
consistency was much the same as that of the original tendon. It was kept for 
twenty-four hours at room temperature before being placed in the icebox. The 
preparation of other macerated tissues was similar. 

At the end of the experimental period, the gauze usually separated with ease 
from both the experimental and the control wound. In most instances, however, 
it was removed subsequent to fixation in 10 per cent formaldehyde. The wounds 



796 


ARCHIVES OF PATHOLOGY 


and the surrounding- tissue were removed, spread on blotter paper, to which they 
were fastened by pins, and then placed in formaldehyde. After fixation, the entire 
wound was cut into blocks; the blocks were embedded in paraffin and cut into 
serial sections of 10 microns’ thickness. From the ribbon every fifteenth section 
was selected for staining in hematoxylin and eosin. Measurements were made by 
a calibrated micrometer ocular. The length of the epithelial tongue, which is the 
width of the regenerated epidermis, was taken at the center of the wound (middle 
block). The thicknesses in the tables are averages from the serial sections. 


RESULTS OBTAINED WITH MACERATED EPITHELIUM 

The successful healing of wounds of the skin is dependent on the 
proliferative activity of the two types of tissue present. Our investigation 
is concerned expecially with the epidermis. The epithelial tongues are 
the result of epithelial proliferation and were used as a measure of 
epidermal regeneration. The tongues extended downward to the base 


Table 1. — Experiments with Cornified Epithelium 


Experiment* Days 


91-A 3 

91- B 3 

92- A 3 

92-B 3 

108- A 5 

lOS-B 5 

109- A 5 

109- B 5 

110- A 5 

110-B 5 


Length 

o£ Width 

Epithelial of 

Tongue, Defect, 

Min. Mm. 

0.072 1.814 

0.073 1.834 

0.382 2.090 

0.000 2.117 

1.270 2.004 

0.592 0.774 

1.422 2.080 

0.475 1.505 

0.900 3.108 

0.095 1.805 


Thickness 
of Granu- 
lation 
Tissue, 

Mm. 

0.204 0.0379 

0.955 0.0028 

0.300 0.0248 

0.097 0.0000 

0.372 0.0423 

0.889 0.3978 

0.092 0.0395 

0.870 0.0375 

1.032 0.0310 

0.025 0.0187 


Root of Old 

Tongue, Epidcrmii 

Mm. Mm. 

0.0180 0.0090 

0.0187 0.0075 

0.0222 0.0079 

0.0185 0.0073 

0.0415 0.0093 

0.0303 O.OOS9 

0.0318 0.0090 

0.0500 0.0075 

0.0330 0.0075 

0.0341 0.0075 


Cell Thickness of Epithelium 

/ ■ 

Tip of 
Tongue, 

Mm. 


* A = experimental wound; B = control wound. 


of the wounds and then over the granulation tissue forming there. In 
this way the proliferating epithelium maintained contact with vascularized 
connective tissue affording the usual normal nutrition, and at the same 
time the proliferating cells were in direct contact with the solution 
products of the macerated epidermis. Both length and thickness of the 
regenerated epithelium in the wounds filled with macerated epidermis 
from the rat tail were much greater than in control wounds (table 1). 
In most instances the epidermal growth was such that it suggested 
the action of a special formative stimulus derived from the macerated 
epidermis. However, since the difference between the two wounds might 
be otherwise explained further experiments were made. That a 
mechanical effect was being exerted by the filling of the wounds appeared 
likely from the widths of those of longer duration (table 1). Wounds 
were therefore filled with a paraffin-petrolatum mixture of a consistency 
like that of the macerated tissues. These experiments showed the width 
of the wounds filled with the paraffin-petrolatum mixture to be greater 
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(table 2). The widths as recorded in the tables were distances between 
the lateral walls of the wounds. These widths did not correspond to the 
lengths of the epithelial tongues. Significant contrasts appear in a com- 
parison of tables 1 and 2. In both series of experiments, the granulation 
tissue was quite active beneath the substances applied. In both, the 
epithelium extended down the sides and over the base, but beneath the 
macerated epidermis the extent of the epidermal growth was distinctly 
greater. Since our problem was concerned especially with the regen- 
eration of the epithelium, a full consideration of all factors involved in 


Table 2. — Series of Experiments zvith Paraffin and f’etrolatmn Mixture 




Lengtli 


Thickness 

Cell Thickness of Epithelium 



of 

Width 

of Granu- 

^ — 

K. 

s 



Epithelial 

of 

lation 

Tip of 

Boot of 

Old 



Tongue, 

Defect, 

Tissue, 

Tongue, 

Tongue, 

Epidermis, 

Experiment* 

Days 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

5S-A 

3 

0.000 

2.870 

0.614 

0.0000 

0.0276 

0.0100 

58-B 

3 

0.020 

1.464 

0.772 

0.0027 

0.0260 

0.0100 

IIG-A 

4 

0.431 

2.157 

0.617 

0.02S4 

0.0403 

0.0100 

116-B 

4 

0.270 

0.744 

0.564 

0.0180 

0.0360 

0.0075 

112-A 

5 

0.994 

0.000 

0.576 

0.0335 

0.0624 

0.0100 

n2-B 

5 

0.422 

0.000 

0.424 

0.0272 

0.0324 

0.0087 

♦ A = experimental wound; B 

= control wound. 





Table 3. — Experiments zvith Fetal Epidermal Tissue 




Length 


Thickness 

Cell Thickness of Epithelium 



of 

Width 

of Granu- 



Js. 

'1 — 



Epithelial 

of 

lation 

Tip of 

Boot of 

Old 



Tongue, 

Defect, 

Tissue, 

Tongue, 

Tongue, 

Epidermis, 

E.xperiment* 

Days 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

140-A 

3 

0.577 

2.460 

0.210 

0.0477 

0.0344 

0.0100 

140-B 

3 

0.079 

2.447 

0.527 

0.0027 

0.0211 

0.0075 

147-A 

3 

0.560 

4.433 

0.740 

0.0292 

0.0222 

0.0075 

147-B 

3 

0.079 

2.447 

0.527 

0.0027 

0.0211 

0.0075 

2S-A 

5 

1.200 

0.825 

0.800 

0.0566 

0.1950 

0.0125 

23-B 

5 

0.215 

0.430 

0.600 

0.0338 

0.0744 

0.0100 


* A = e.xperimental wound; B = control wound. 


wound healing is unnecessar 3 ^ Our examination of the normal control 
wounds confirms the observations of Akaiwa * in the rat that contraction 
plays an insignificant part, and that the healing is accomplished by the 
regeneration and movement of epithelium and by the formation of 
granulation tissue. Akaiwa further pointed out that the thickness of the 
stratum germinativum corresponds to the proliferative activity and 
energy of cell movements. 

Confirmation of the stimulant action of macerated epidermis on 
epidermal cells was sought by employing fetal epidermis, which was 
prepared in the manner previouly described. Again the epidermis was 
much more active than that of the control wounds (table 3). This 


4. Akaiwa, H. ; J. M. Research 40:371, 1919. 
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preparation stimulated not only the epidermis, but also the production 
of granulation tissue, which was the greatest seen in the entire series of 
experiments. In this connection it is significant that the preparation 
contained considerable myxomatous dermis and subcutaneous tissue, 
while the scrapings from the adult tail contained Jittle connective tissue. 

A commercial keratin (Merck) was brought to the consistency of the 
macerated tissue and applied to the wounds (table 4), The length of 
the epithelial tongue and the width of the defect in the wounds to which 
the keratin was applied indicate that it was without effect or that it 


Table 4. — Experiments with Commercial Keratin 




Length 


Thicknc.ss 

Cell Thickness of Epithelium 



of 

Width 

of Granu- 


K - 

^ 



Epithelial 

of 

lation 

Tip of 

Root of 

Old 



Tongue, 

Defect, 

Tissue, 

Tongue, 

Tongue, 

Epidermis, 

Experiment* 

Days 

Mm. 

Mm. 

Jim. 

Mm. 

Mm. 

Mm. 

12G-A 

i 

0.270 

4.200 

0.520 

0.0337 

0.0225 

0.0075 

126-B 

4 

0,347 

4.0S0 

0.450 

0.02SC 

0.0250 

0,0075 

125-A 

<1 

0.200 

3.7g0 

1.850 

0.0159 

0.0104 

0.0100 

12J-B 

5 

0.400 

0.000 

0.253 

0.0242 

0.0200 

0.00S3 


* A = experimental wound; B = control wound. 


Table 5. — Experiments with Ether and Alcohol Treated Cornified Epidermis 




Length 


Thickness 

Coll Thickness of Epithelium 



of 

Width 

of Granu- 


1 

^ 



Epithelial 

of 

lotion 

Tip of 

Root of 

Old 



Tongue, 

Defect, 

Tissue, 

Tongue, 

Tongue, 

Epidermis, 

Experiment* 

Days 

Jim. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

12S-A 

4 

0.203 

2.935 

0.300 

0.0172 

0.0153 

0.0075 

12S-B 

4 

0.417 

0.S33 

0.013 

0.0201 

0.0314 

0.0075 

127-A 

5 

0.205 

3.195 

0.550 

0.0144 

0.0212 

0.0100 

127-B 

5 

0.403 

0.400 

0.033 

0.0237 

0.027D 

0.0100 


* A — experimental wound ; B =: control wound. 


retarded epidermization somewhat. Since the source and composition of 
this product were unknown, the results obtained are not offered as proof 
that rat keratin would be without effect. 

Alcohol-Ether Treated Epidermis . — Scrapings from the rat tail were 
macerated in the usual way and then ground with absolute alcohol, which 
was decanted, and the operation twice repeated. The residue was then 
treated with ether in the same fashion. The product was a whitish 
powder, which was brought to the desired consistency by the addition of 
a few drops of sterile distilled water. Two obvious changes were 
brought about, which consisted of the removal of lipoids and the 
coagulation of protein. Epidermal regeneration in this series (table 5) 
was not increased. The length and the thickness of the tongues were 
less than in the control wounds. 
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One attempt was made to extend the experiments to an unrelated 
epithelial tissue, the liver. It was crushed after washing out the blood 
while in situ and applied in the usual way. The proliferative activity of 
the epidermis was not much affected. The length of the tongues was 
somewhat greater than in the control wounds, but their thickness was 
variable (table 6). 


RESULTS OBTAINED WITH MACERATED CONNECTIVE TISSUE 

As in the preceding experiments, with macerated connective tissue 
the cells of the stratum germinativum adjacent to the wound increased 


Table 6. — Experiments zviih Liver Tissue 




Length 


Thickness 

Ceil Thickness of Epithelium 



of 

Width 

of Grnnu- 


A 





Epithelial 

of 

Intion 

Tip of 

Root of 

Old 



Tongue, 

Defect, 

Tissue, 

Tongue, 

Tongue, 

Epidermis, 

Experiment* 

Days 

Jim. 

Jim. 

Mm. 

Mm. 

Jim. 

Mm. 

137-A 

3 

0.3S0 

2,853 

0.327 

0.0225 

0.0437 

0.0075 

137-B 

3 

0.337 

2.433 

0.163 

0.0150 

0.0533 

0.0075 

13S-A 

4 

0.523 

0.523 

0.600 

0.0316 

0.0304 

0.0083 

13S-B-. 

4 

0.315 

2.020 

0.090 

0.0309 

0.0325 

0.0088 

* A =: experimental wound; B 

= control wound. 





Table 7. — Experiments 

zvith Connective 

Tissue 




Length 


Thickness 

Cell Thickness of Epithelium 



of 

Width 

of Granu- 

^1—. 

A 




Epithelial 

of 

lation 

Tip Of 

Root of 

Old 



Tongue, 

Defect, 

Tissue, 

Tongue, 

Tongue, 

Epidermis, 

Experiment* 

Days 

Jim. 

Jim. 

Mm. 

Mm. 

Mm. 

Jim. 

42-A 

3 

0.010 

3.836 

0 

0.0020 

0.0179 

0.0075 

42-B 

3 

0.000 

2.308 

0.424 

0.0000 

0.0088 

0.0075 

53-A 

3 

0.172 

3.100 

0.382 

0.0240 

0.0481 

0.0102 

53-B 

3 

0.010 

2.416 

0.764 

0.0030 

0.0227 

0.0100 

102-A 

4 

0.299 

2.280 

0.263 

0.0185 

0.0265 

0.0079 

102-B 

4 

0.417 

0.833 

0.613 

0.0201 

0.0314 

0.0075 

■104-A 

4 

0.073 

2.520 

0.790 

0.0146 

0.0241 

0.0095 

104-B 

4 

0.417 

0.833 

0.613 

0.0201 

0.0314 

0.0075 

96-A 

5 

0.174 

3.666 

0.458 

0.0076 

0.0496 

0.0100 

96-B 

5 

0.840 

0.500 

0.860 

0.0147 

0.0284 

0.0100 

97-A 

5 

0.183 

3.208 

0.088 

0.0100 

0.0320 

0.0075 

97-B 

5 

0.510 

0.000 ■ 

1.050 

0.0100 

0.0354 

0.0100 


A = experimental wound; B = control wound. 


in size and moved toward the margin of the wound soon after its 
production. These changes and the increase in mitoses contributed to 
the thickening and extension of the epithelium. In the control wounds, 
the average thickness of the basal layer was 0.0211 mm. on the third 
day, 0.0314 mm. on the fourth and 0.0377 mm. on the fifth, while the 
normal thickness was about 0.0075 (table 7). The increase in the length 
of the epithelial tongues on which epidermization of the wound depends 
started on the fourth day in both experimental and control wounds. In 
the control wounds there was a progressive daily increase, while in the 
experimental ones there was much individual variation. In all, the 
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epithelium showed a tendency to extend over the surface of the dead 
tissue rather than beneath it. After the fourth da)’- the lagging of 
epidermization in these experiments was evident. We were able there- 
fore to confirm the observations of Carrel/ who covered the wounds 
with dead subcutaneous connective tissue. 

COMMENT 

Dead macerated epidermis, both adult and fetal, promotes the pro- 
liferation of the epidermal cells. The stimulant action is local, since 
control wounds only 2 cm. distant do not show it. That the increase in 
growth is not mechanical and due to a protective influence of an inert 
substance is shown by its absence in the wounds filled with the paraffin- 
petrolatum mixture. The evidence is that from the macerated epidermis 
undergoing local disintegration there is liberated a formative stimulus 
which, so far as one may judge from our experiments, is specific for the 
epidermal cells. The soft macerated epidermis physically offers little 
resistance to the extension of cells into it, and yet the epidermis extends 
beneath it. This behavior is seen also in the paraffin-petrolatum wounds 
and no doubt is brought about by the concentration of nutrition in this 
situation. Although the macerated epidermis stimulates epidermal 
regeneration, it appears not to afford complete nutriment to the pro- 
liferation of epidermoid cells. The growth promoting substance is not 
present in other macerated tissues, and it is destroyed by alcohol ether * 
extraction. Baker and Carrel “ found that the addition of primary 
derivatives of protein to the media accelerated the growth of cultures 
of guinea-pig skin, and Carrel ^ mentioned that these substances are 
normally present in organs, and that they may be manufactured by 
leukocytic ferments from cell debris and coagulated proteins. Hammett ® 
advanced the hypothesis that relatively simple substances containing the 
sulphydril group, such as glutathione, excite cells to proliferate. V oegtlin 
and Chalkley ’’ demonstrated the stimulant action of this tripeptide on 
Amoeba proteus. Girand and Bulliard ® found cornified epidermis to be 
relatively poor in glutathione, while the liver is rich in this substance. 
So far as we can determine, our results give little information in regard 
to the part of the epithelial cell that acts as the stimulant, but they tend 
to show that the stimulus for the epidermoid cell is peculiar to the 
macerated epidermis and is not of a general nature as are the poly- 
peptide derivatives of fibrin. 

5. Carrel, A., and Baker, L. E. : J. Exper. Med. 46:503, 1926. Baker, L. E., 
and Carrel, A.: ibid. 47:353, 1928. 

6. Hammett, F. S. : Protoplasma 7:20, 1929. 

7. Voegtlin, C., and Chalkley, H. W. : Pub. Health Rep. 45:30, 1930. 

8. Girand, A., and Bulliard, H. : Compt. rend. Soc. de biol. 98:500, 1928. 



McJUNKIN-MATSUI—REGENERATION OF EPIDERMIS 801 


We found, as did Carrel, that the healing of a wound is retarded by 
filling it with macerated connective tissue. The histologic study of our 
wounds revealed a tendency of the epidermis to extend over this dead 
tissue to a point where lack of nutrition halted the growth. In several 
instances, the dead tissue,' more tenacious than the other macerated 
tissues used, offered mechanical obstruction to the extension of the 
epidermis in any other direction. We are therefore inclined to favor the 
view that the delay in cicatrization was due to mechanical and nutritional 
rather than to chemical factors. A close study was made of these wounds 
to determine whether the macerated tendon might stimulate fibi'oblastic 
proliferation, but no consistent evidence of this was obtained. On the 
other hand, the fetal skin that contained immature connective tissue 
unquestionably stimulated the formation of angiofibroblastic tissue and 
produced the most abundant granulation tissue seen. 

CONCLUSIONS 

Macerated homologous epidermis applied to wounds stimulates 
epidermal regeneration. 

Evidence was obtained which indicates that the stimulation is a 
chemical action and not the indirect result of a change in physical 
environment. 

Failure of other macerated tissues to act similarly is suggestive of the 
presence in the epidermis of a growth-promoting substance specific for 
the epidermoid cell. 



General Review 


AN ASPECT OF INFLAMMATION IN RELATION TO 

IMMUNITY * 

VALY AfENKIN, Al.D. 

. BOSTON 

The experimental studies on inflammation began about seventy years 
ago, when Cohnheim ^ demonstrated the migration of leukocytes from 
the blood into the tissue spaces. This, according to Cohnheim, was pri- 
marily the result of injury to the walls of the capillaries with the con- 
sequent passive passage of plasma constituents and blood corpuscles into 
the tissue spaces. Metchnikoff “ regarded inflammation as a phagocytic 
reaction to injurious material that had penetrated the tissues. The leu- 
kocytes either came from the blood or Avere modified cells of the tissues 
at the site of the injury: 

L’inflammation doit done etre envisagee dans son ensemble comme une reaction 
phagocytaire de I’organisme contre les agents irritatifs, reaction qui tantot s’accom- 
plit par les phagocytes mobiles seuls, tantot avec le concour des phagocytes vascu- 
laires ou celui du systeme nerveux. (One has to imagine inflammation as a 
phagocytic reaction of the organism against the irritating agents, a reaction which 
sometimes is accomplished by the mobile phagocytes alone and sometimes with 
the aid of the vascular phagocytes or those of the nervous system.) 

Inflammation was not regarded by Metchnikoff as primarily a lesion 
of the vascular walls in the sense of Cohnheim, but rather as an adaptive 
reaction on the part of phagocytic cells for the express purpose of 
protecting the organism as a whole. I need not dwell on these early 
Auews, except to note that the migration of leukocytes at the point of 
injury was established as the essential phase of the inflammatory reac- 
tion. Other elements of the reaction, such as would accompany an out- 
pouring of plasma into the tissue spaces, were more or less relegated to 
the background. Some of the early writers, however, pointed out the 
importance of deposits of fibrin in certain types of inflammation. The 
obserA'^ations of Adami ® are significant in this connection : 

Even when inflammation (as in pericarditis) affects the whole extent of a 
serous cavity, the laA^er of fibrin acts as a protective coat closing the lymphatic 

Submitted for publication, Afarch 14, 1931. 

*From the Department of Pathology, Harvard Aledical School. 

1. Cohnheim, J. : Virchows Arch. f. path. Anat. 40:1, 1867; Vorlesungen, 
ed. 2, Leipzig, 1882. 

2. Aletchnikoff, E. : Legons sur la pathologie comparee de I’inflammation, 
Paris, G. Alasson, 1892. 

3. Adami, G. J. : Inflammation, London, The Alacmillan Company, 1909. 
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“stomata” hindering the free absorption of the morbid material by the lymph and 
blood vessels, and filtering bacteria out of such fluid as does find its way through 
to the tissues beneath. 

Opie ^ defined inflammation as a process by means of which cells 
and serum accumulate about an injurious substance and tend to remove 
or destroy it. 

In the usual textbook description of the inflammatory reaction, 
except for an occasional reference to the importance of the accumulation 
of serum at the site of inflammation, the predominant role of the leuko- 
cytes completely overshadows the activities of all other elements. 

In the last few years evidence has been brought forward to show 
that the inflammatory reaction plays a definite role in localizing the 
irritating factor, or at least limiting its dissemination, whether it is a 
bacterial or a chemical irritant. This capacity, which may appropriately 
be termed fixation, contributes a further significance to inflammation in 
relation to immunity. By delaying the dissemination of obnoxious sub- 
stances into the circulating blood stream, the nonspecific as well as the 
specific inflammatory reaction protects the organism as a whole at the 
expense of local injury. This view of inflammation has gained consid- 
erable ground in the last few years. Recent analyses have demon- 
strated that fixation at the site of inflammation is due to mechanical 
obstruction caused by a network of fibrin and to occlusion of lymphatic 
vessels.^® Studies on the time relationship have shown that fixation 
is the initial phase in the development of the inflammatory reaction, 
even preceding the migration of leukocytes. This is doubtless due 
to injury of the capillaries causing an increase in the permeability of 
their walls, which results in an outpouring of fibrinogen into the tissue 
spaces. Pathologists are gradually reverting to the concept of Cohn- 
heim, namely, that in inflammation the primary injury is to the wall of 
the capillaries. Furthermore, the early development of thrombi in the 
lumen of lymphatics is doubtless the result of severe initial injury to 
the lymphatic wall itself in an inflamed area. In view of present evi- 
dences, as will be pointed out, one can ascribe a definite function to the 
early formation of fibrin at the site of inflammation. Fixation plays a 
definite role in inflammation and may be considered in the same light 
as the migration of leukocytes and the stage of fibrous repair that follow. 
Chronologically the inflammatory reaction may be broadly divided, 
therefore, into three phases, which, it is understood, may overlap : ( 1 ) 
fixation, (2) emigration of leukocytes and (3) repair. 

The last two phases are well known to pathologists and will not be 
dwelt on further. The purpose of this review is to describe the evidences 
that recently have accumulated which show that with the initial increase 

4. Opie, E. -L. : Arch. Int. Med. 5:541, 1910; J. Immunol. 17:329, 1929. 

4a. Menkin, V.: J. Exper. Med. 53:171 and 179, 1931; Arch. Int.’ Me"!!.' in 
press. ’’ 
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in the permeability of the capillaries and the passage of plasma con- 
stituents into tissue spaces the inflammatory reaction is capable of rap- 
idly circumscribing the irritant and thus allowing a definite interval of 
time for the leukocytes to assemble for phagocytosis. Fixation, as the 
initial phase of the inflammatory reaction, therefore becomes of distinct 
importance as a mechanism in immunity. 

FIXATION OF BACTERIA BY TIIE NONSPECIFIC INFLAMMATORY 

REACTION 

The dissemination of foreign substances from the site of injection 
into the lymphatics and into the blood stream has been studied by 
numerous investigators. Muscatello ^ showed that carmine and various 
other inert particles, when injected into the peritoneal caAdt}^ reached 
the anterior mediastinal lymph nodes very rapidly. Noetzel ” injected 
bacteria (Bacilhis pyocyaneus) into the knee joints of rabbits; from five 
to ten minutes later he ivas able to demonstrate the presence of the 
organisms in the inguinal, crural and lumbar lymph glands. Buxton ' 
found that typhoid bacilli, within a few minutes after their injection 
into the peritoneal cavity, appeared in great numbers in the blood 
stream. Wells and Johnstone® showed that the absorption of bacteria 
from the peritoneal cavity takes place through lymphatic vessels. 

Does the inflammatory reaction retard the dissemination of micro- 
organisms from the site of inflammation ? "I'lie studies of Issayeff " are 
interesting in this connection. He showed that the peritonitis induced 
by a variety of sterile irritants, such as foreign blood serum, bouillon 
or normal salt solution, temporarily increased resistance to subsequent 
intraperitoneal injection of bacteria. Pawlowsky repeated the obser- 
vations of Noetzel and demonstrated the presence of staphylococci in 
the blood and organs of guinea-pigs from twenty-four to forty-eight 
hours after inoculation of the knee joint. If before inoculation an acute 
inflammation of the knee joint had been produced by the injection of a 
sterile irritant, such as turpentine, alcohol or quinine solution, the dis- 
semination of the micro-organisms was either inhibited or Avholly pre- 
vented. 

Rivers and Tillett ” confirmed these studies by finding that beef 
broth injected into the skin of rabbits protected against streptococci 
inoculated twent3^-four hours later. No retardation was observed when 

5. Muscatello. G. : Virchows Arch. f. path. Anat. 142:327, 1895. 

6. Noetzel, W.; Beitr. z. klin. Chir. 51:740, 1906. 

7. Buxton, B. H. : J. M. Research 16:17, 1907. 

8. Wells, H. G., and Johnstone, O. P.: J. Infect. Dis. 4:582, 1907. 

9. Issayeff: Ztschr. f. Hyg. u. Infectionskr. 16:287, 1894. 

10. Pawlowsky, A. D. : Ztschr. f. Hyg. u. Infectionskr. 62:433, 1909. 

11. Rivers, T. M., and Tillett, W. S. : J. E.xper. Med. 41:185,-1925. 
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the micro-organisms were inoculated simultaneously with the beef broth. 
Mallory and Marble concluded that the local resistance produced by 
filtrates of staphylococci was due to local inflammation and was there- 
fore not specific. It is to be recalled that Besredka advocated the 
therapeutic use of such filtrates. Opie showed that acute inflamma- 
tion of the peritoneal cavity caused by aleuronat retarded the rush of 
injected hemolytic streptococci from the peritoneal cavity into the cir- 
culating blood and after twenty-four hours completely prevented it. By 
a culture method I demonstrated that B. prodigiosKS injected into an 
inflamed area was fixed in situ and failed to disseminate into the tribu- 
tary lymphatics. 

Some authors believe that in inflammation the large mononuclear 
phagoc 3 ^tes are responsible for protection. Nakahara injected olive 
oil into the peritoneal cavity and showed that after forty-eight hours 
an exudate was formed containing from 65 to 85 per cent macrophages. 
At this stage the resistance of mice to B. coH introduced into the peri- 
toneal cavity was definitely increased. Gay and Morrison studied the 
changes in resistance to intrapleural inoculation of streptococci after a 
sterile inflammation had been previously caused by various irritants. 
They contended that the increased resistance to the pathogenic micro- 
organism resulted from the accumulation of clasmatocytes. This inter- 
pretation was questioned by Opied^ who maintained that no data had 
been offered that determined the roles of polymorphonuclear leukocytes, 
mononuclear cells, serum or indeed increased permeability of blood ves- 
sels in overcoming the injurious effects of sterile irritants or of bacteria. 
Gay and Clark in answer to these criticisms produced some evidence 
showing that perhaps the polymorphonuclear leukocytes were relatively 
inactive in increasing the resistance of their animals. However, the 
increased resistance to virulent bacteria brought about by previously 
“preparing” a cavity with a sterile irritant is evident only when the 
inflammatory reaction has been going on in the cavity for from forty- 
eight to seventy-two hours. Local fixation of substances at the site of 
inflammation, as will presently be shown, can be demonstrated a rela- 
tively short time (sometimes after only thirty minutes) after the intro- 
duction of the inflammatory irritant.’^® For this reason the increased 
resistance to intrapleural inoculation of streptococci found by Gay and 

12. Mallor}’^, T. B., and Marble, A.: J. Exper. Med. 42:465, 1925. 

13. Besredka, A.: Immunisation locale, Paris, Alasson & Cie, 1925. 

14. Opie (footnote 4, second reference). 

15. A'lenkin, V.: J. Exper. Med. 53:647, 1931. 

16. Nakahara, W. : J. Exper. Med. 42:201, 1925. 

17. Gay, F. P., and Morrison, L. F.: J. Infect. Dis. 33:338, 1923. 

18. Gay, F. P., and Clark, A. R. : Proc. Soc. Exper. Biol. & Med. 27:995, 19.30. 

19. Alenkin, V.: J. Exper. Aled. 50:171, 1929. 
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his collaborators probably has nothing to do with the initial phase of 
local fixation in inflammation, but is evidently referable to a later phase 
of the inflammatory reaction. 

FIXATION OF BACTERIA BY THE SPECIFIC INFLAMMATORY REACTION 

Koch described the immune reaction that takes place when a tuber- 
culous guinea-pig is reinoculated with either living or dead tubercle 
bacilli. This reaction to reinfection is known as the Koch phenomenon 
and forms probably the most important single principle in the under- 
standing of immunity in tuberculosis. A part of Koch’s original des- 
cription follows (cited from a translation by Pottenger "^) : 

When one inoculates health}' guinea-pigs with a pure culture of tubercle bacilli 
the inoculation wound closes up and apparently heals within a few days. In the 
course of ten to fourteen days, however, a hard nodule appears, which breaks 
down and forms an ulcer. This remains until the death of the animal. It is 
quite different, however, when a guinea-pig that is already tuberculous is inocu- 
lated. Animals that have been inoculated from four to six weeks previously are 
best suited to this purpose. In one such animal, however, the inoculation did not 
heal in the beginning, but small nodules appeared, and within one or two days 
showed characteristic changes about the point of inoculation. Around the point 
of inoculation it became hard and took upon itself a darker color, which did not 
confine itself to the immediate point of inoculation but extended to the surrounding 
tissues for a distance of 0.5 to 1 cm. When the succeeding dose is administered 
it shows very distinctly that the skin showing the alteration is necrotic; and it is 
eventually cast off, a small superficial ulceration remaining, which usually 
heals quickly and permanently without the regional lymph-glands becoming 
involved. . . . 

After these characteristic effects had been discovered, I followed them in 
every direction and I found that pure cultures of tubercle bacilli that had been 
killed, ground up, and mixed with water could be injected in large amounts sub- 
cutaneously in healthy guinea-pigs without producing anything beyond a local 
suppuration. Tuberculous guinea-pigs, on the contrary, were killed by the injec- 
tion of very small amounts of such cultures of dead bacilli within six to forty- 
eight hours after administration of the dose. A dose that is not sufficiently large 
to kill an animal often produces an extensive necrosis of the skin in the neighbor- 
hood of the site of injection. 

Pirquet called the altered response of tuberculous tissue to reinfec- 
tion “allergy.” The reaction to tuberculin, which may be regarded as a 
manifestation of the Koch phenomenon by means of tuberculoprotein, 
is histologically an acute inflammation, as pointed out by Opie.^^ There 
is an abundant accumulation of serum and polymorphonuclear leuko- 
cytes during the first forty-eight hours. Polymorphonuclear leukocytes 
are finally displaced by mononuclear cells, partly at least as the result 
of phagocytosis. 

20. Koch, R.: Deutsche med. Wchnschr. 17:101, 1891. 

21. Pottenger, F. M. : Tubercle 10:409, 1929. 
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In 1916, Kraus mentioned how the work of Pawlowsky and 
Issayeff cited by Opie (1910)'* had suggested to him the possibility that 
specific immunity to reinfection in tuberculosis might be a function of 
allergy in that the inflammation accompanying the latter prevents the 
spread of reinfecting bacilli. Later, Kraus”® put the case more con- 
cretely as follows : “The tuberculous animal responds with exaggerated 
or overreaction to irritation and throws up a barrier against the bacilli 
much more actively than normally and before the bacilli can get under 
way.” 

Kraus and Willis showed experimentally the extent of the retarda- 
tion in infected animals. Willis studied the dissemination of tubercle 
bacilli from the site of cutaneous inoculation, and observed that in rein- 
fected guinea-pigs the spread of tubercle bacilli from the site of inocula- 
tion was retarded, whereas in normal animals the organisms passed 
readily to the regional lymph nodes. Both Kraus and Willis laid empha- 
sis on the mechanical barrier set up against the outward movement of 
the deposited bacilli. “We believe, therefore, that specific tuberculo- 
immunity occurs through a fixation of germs that results from the oper- 
ation of the allergic reaction. An almost immediate inflammatory 
outpouring hems in the bacilli more or less effectively and thus delays 
or prevents their spread, which is so facile and rapid in the non-tuber- 
culousy non-allergic animal.” 

Rich and McCordock attacked the hypothesis of Kraus and 
Willis, largely because of certain apparent inconsistencies in the argu- 
ments of the latter. In the first place. Rich and McCordock pointed 
out that, although it was assumed that inflammation per se can limit the 
immediate spread of micro-organisms, there was not the slightest proof 
of this. “And until we have more precise information on the question 
it must be remembered that the inoculation results in the experiments 
of Kraus and Willis might be interpreted on the basis of the well estab- 
lished fact that there occurs a much greater destruction of bacilli in 
immune animals than in normal ones.” An interpretation of this sort 
would be difficult to accept in view of the facts obtained. Willis 
demonstrated that the regional lymph nodes in immune animals were 
infected at the end of two weeks after cutaneous inoculation. If the 
apparent retardation of bacilli at the site of inoculation was really due 
to their destruction in situ by a subtle immunologic mechanism, their 

22. Kraus, A. K. : Tr. Nat. A. Prev. Tuberc. 12:253, 1916. 

23. Kraus, A. K. : Am. Rev. Tuberc. 1:65, 1917. 

24. Kraus, A. K., and Willis, H. S.: Tr. Nat. A. Prev. Tuberc. 20:277, 1924. 

25. Willis, H. S. : Am. Rev. Tuberc. 11:427 and 439, 1925. 

26. Kraus, A. K. : Am. Rev. Tuberc. 11:343, 1925. 

27. Rich, A. R., and McCordock, H. A.: Bull. Johns Hopkins Hosp. 44:273 
1929. 
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appearance after a latent interval of two weeks in the regional lymph 
nodes would be difficult to explain. Furthermore, I recently demon- 
strated that an acute inflammatory reaction caused by a nonspecific irri- 
tant prevented for at least several hours the dissemination of B. pro- 
digiosits to the tributary lymph nodes. A distinctly larger number of 
micro-organisms were recovered fi'oni the site of inflammation than 
from the corresponding normal control area. These experiments demon- 
strated that an acute inflammation per se retards the dissemination of 
bacteria into the regional lymphatics, 

Kraus and Willis showed that reinfection with tubercle bacilli in 
areas where an allergic inflammation had been induced by tuberculin 
caused more widespread tuberculosis than that seen in reinfected control 
animals that had received no tuberculin. Their observations have been 
brought forward as evidence that the allergic inflammation does not 
retard the dissemination of bacilli. Such an interpretation of these 
particular experiments, however, is open to some doubt. It is possible, 
in view of recent observations that I made on the accumulation of 
foreign proteins in inflamed ai'eas, that preliminaiy treatment of infected 
animals with tuberculin might cause an accumulation from the blood 
stream of tuberculoprotein in various inflamed tuberculous lesions of 
the body, which by its presence thei'e would intensify the preexisting 
local inflammatoi*}^ reaction. 

The view that resistance may be at times independent of allergy and 
thus be referable entirely to a subtle immunologic mechanism is not 
questioned. Zinsser and his collaborators expressed the A'iew that 
“the fundamental biological significance of bacterial allergy is an 
increased specific adjustment of the tissues for response to the stimulus 
of infection, and a consequently enhanced capacity for the rapid mobili- 
zation of a protective mechanism.” The fundamental point, however, 
is this : When an allergic inflammation develops as a result of rein- 
fection, does the inflammatory reaction play a definite i'ole in the 
mechanism of immunity by I'etarding the dissemination of bacteria ? Evi- 
dences cited and some that are to follow confirm the view that an acute 
inflammation either of specific origin or caused by a nonspecific irritant 
definitely delays the spread of injurious substances from the site of 
inflammation. 

Wadsworth injected virulent pneumococci into the tracheas of 
normal animals and thereby caused fatal bacteremia which in some cases 
was associated with bronchopneumonia. When immunized animals were 

28. Kraus, A. K., and Willis, H. S. : Am. Rev. Tuberc. 4:563, 1920. 

29. Menkin, V.: J. Exper. Med. 52:201, 1930. 

30. Zinsser, H. ; Ward, H. K., and Jenning, F. B., Jr.: J. Immunol. 10:719, 
1925. 

31. Wadsworth, A.: Am. J. M. Sc. 127:851, 1904. 
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treated in the same manner, there was a diffuse exudation comparable 
with lobar pneumonia, but no invasion of the blood stream. Cecil and 
Blake also found that the incidence of invasion of the blood stream 
was less in monke3^s vaccinated against pneumonia induced by intratra- 
cheal inoculation than in nonvaccinated animals. Cannon and Pacheco 
described histologic studies of the skin and subcutaneous tissues of the 
abdominal walls of normal guinea-pigs and of animals previously immu- 
nized by intracutaneous injections of a staphylococcal vaccine. All the 
animals were infected by the intracutaneous injection of a live virulent 
culture of Staphylococcus aureus. In the normal animals the staphylo- 
cocci disseminated throughout the subcutaneous tissues as a cellulitis. 
In previously immunized animals, on the other hand, the staphylococci 
tended to remain localized near the site of inoculation. These investi- 
gators expressed the belief that the immunity secured was predominantly 
cellular, with the tissue macrophages playing the dominant part. Locali- 
zation of the micro-organisms was also reinforced to some extent by 
the action of agglutinating or of opsonizing antibodies. 

FIXATION OF FOREIGN PROTEINS BV THE SPECIFIC INFLAMMATORY 

REACTION 

Evidence has been cited showing that immunization retards the dis- 
semination of bacteria from the site of injection, where specific inflam- 
mation occurs. Extensive studies by Opie demonstrated that a foreign 
protein injected into the skin of a sensitized animal is fixed at the site 
of injection. This fixation is accompanied by an acute inflammatory 
reaction (Arthus’ phenomenon). 

When a small quantity of a foreign protein, such as horse serum or 
egg white, is injected into a normal rabbit, it is demonstrable by the 
precipitin reaction in the blood of that animal for a period of from 
seven to nine days. Opie showed that with continued immunization 
injected proteins exhibit a decreasing tendency to find their way into the 
blood. After a few immunizing injections they can be found in the 
blood serum in only small quantities and for but a short time. After 
the sixth or seventh injection well immunized animals reveal no trace 
of the proteins in the circulating blood. 

Opie undertook to determine what happened to a foreign protein at 
the site of injection in the normal and in the immune animal. The 
cutaneous site of injection was excised, extracted with normal salt solu- 
tion and tested by the precipitin reaction for the presence of the foreign 

32. Cecil, R. L., and Blake, F. S. : J. Exper. Med. 31:519, 1920. 

33. Cannon, P. R., and Pacheco, G. A.: Am. J. Path. 6:749, 1930. 
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protein. The concentration of the foreign protein extracted was estimated 
by comparison with solutions of known protein content. Crystal- 
line egg albumin injected into a normal rabbit was found in small con- 
centration on the first and second day (1 : 250 and 1 : 500, respectively). 
On the third day ft had disappeared from the site of injection. In an 
immunized animal, on the other hand, the concentration of the protein 
was much greater at the site of injection than in a corresponding normal 
area. In one experiment the foreign protein was recovered on the first 
day in a concentration of 1:80 at the periphery of the inflamed area ; 
on the second day in a concentration of 1:50; it did not disappear until 
the fifth day. 

In this way Opie demonstrated that in the immunized animal, fixa- 
tion of the antigen at the site of injection prevented its dissemination 
throughout the body. Opie expressed the opinion that specific pre- 
cipitation had a part in this fixation. The precipitate formed by the 
contact of antigen and antibody has a strong attraction for polymorpho- 
nuclear leukocytes of the hlood and, according to Opie, is doubtless 
digested and destroyed by these cells. In a later study in Professor 
Opie’s laboratoiy I ■“ demonstrated that a nonspecific acute inflammatory 
reaction is capable of arresting a foreign protein at the site of injection. 
For this reason it is probable that the fixation of antigen in Arthus’ 
phenomenon is largely due to the acute inflammatory reaction brought 
about by the contact of antigen and antibody in the tissues. Opie 
pointed out that it is unnecessary to assume that the tissues have under- 
gone any essential alteration as the result of sensitization. “Acute 
inflammation in response to a. specific irritant, namely, Arthus’ phenome- 
non, occurs when the antigen concerned and its antibody meet within the 
tissues.” This conclusion was reached by reversing the usual pi'ocedure. 
A normal animal received 10 cc. of horse serum intravenously. On the 
following day 0.5 cc. of strong anti-horse serum from an immunized 
rabbit was injected into the skin. Extensive inflammatory edema 
(Arthus’ phenomenon) occurred at the site of injection, whereas none 
followed the injection of normal rabbit serum. Opie viewed the ana- 
phylactic inflammation in which the antigen is fixed at the point of entry 
as an apparent paradox between susceptibility to injury and the resistance 
of immunity. With the anaphylactic inflammation the vital organs are 
protected at the expense of local injury. In a recent review Nord- 
mann criticized Opie’s interpretation of Arthus’ phenomenon. This 
author maintained that ordinary inflammatory phenomena such as are 
experim entail)^ produced hy the simultaneous injection of two serums 
into a normal animal do not show the gradually increasing severity of 

36. Opie, E. L.; Tubercle 7:23. 1925. 
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symptoms that is the characteristic feature of the Arthus' phenomenon. 
It is clear, however, that this gradual change in severity of symptoms 
in anaphylactic inflammation may be to some extent (though not entirely) 
correlated with the increase in precipitin during the process of immuni- 
zation. Nordmann insisted that physiologic alterations play an important 
role in the development of Arthus’ phenomenon : “We conclude there- 
fore that the cause of the final necrosis following the later injections 
in the Arthus experiment is due to the ability of the arteries to become 
accustomed to the serum and that in consequence of this adaptation they 
are less and less altered by additional injections of the antigen.” 
Although it is perfectly natural that physiologic changes should accom- 
pany the anaphylactic inflammation, it is doubtful whether this author 
has demonstrated that the particular changes in the arteries influence 
the development of the anaphylactic inflammatory reaction. The studies 
of Opie indicate that this reaction is brought about by the contact of 
antigen and antibody at the site of injection. An inflammatory reaction 
of unusual intensity occurs, and this reaction doubtless brings to the 
site of inflammation plasma containing more precipitin. This view is 
in agreement with facts recently demonstrated by myself,-® namely, that 
foreign proteins from the circulating blood stream accumulate in an 
inflamed area. The initial anaphylactic inflammation is intensified, and 
this may account for the gradual increase in the severity of the symp- 
toms of Arthus’ phenomenon. 

ACCUMULATION AND FIXATION OF FOREIGN SUBSTANCES AT SITE 

OF INFLAMMATION 

In an inflamed area the normal functional equilibrium between cells, 
intercellular fluids and blood is doubtless profoundly modified. Local 
physiologic changes are involved, affecting the permeability of the capil- 
laries, the rate of the blood flow and the balance of the body fluids. The 
increase in the permeability of the capillaries is shown by the local 
edema. The proteins of the plasma to a varying extent pass out into 
the tissue spaces, disturbing, doubtless, the osmotic relationship between 
the fluids of the tissues and the plasma of the blood. About thirty 
years ago Adler and Meltzer concluded that the passage of fluids from 
tissue spaces into lymphatics probably depended on osmosis, perhaps 
assisted to some degree by filtration. Starling ®® pointed out that capil- 
lary filtration was the resultant of two forces ; capillary pressure, on the 
one hand, and the osmotic pressure exerted by the plasma colloids, on 
the other. Recently this conception has been confirmed experimentally 
by the work of Landis,^® who showed by measuring directly intracapil- 

38. Adler, I, and Meltzer, S. J. : J. Exper. Med. 1:482, 1896. 
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lary pressure that the rate of filtration depends on the difference between 
intracapillary pressure and the osmotic pressure of the plasma colloids. 
By this direct method he found that whereas filtration occurs at the 
arterial ends of capillaries, absorption from tissue spaces takes place at 
the venous ends. Churchill, Nakazawa and Drinker,^^ however, demon- 
strated that, in the frog, at least, the osmotic pressure of the plasma 
proteins is lower than indicated by the figures given by White and 
used by Landis in his interpretations. For this reason these investiga- 
tors thought it safer to conclude that there exists a filtration of fluid 
throughout the system. Rous and his collaborators cast some doubt 
on the results obtained by Landis. They showed that a vital dye injected 
intravenously diffuses first into the tissue spaces on the venous ends of 
the capillaries. These investigators maintained that there is a mounting 
gradient of permeability throughout the length of the capillary. This 
was demonstrated in a variety of organs in different animals. Further- 
more, when the}’ made the same observations as Landis, with only slight 
modifications, on injection of a vital dye into the vessels of the mesentery 
of the frog, they were unable to confirm his findings of increased filtra- 
tion of dye at the arterial ends of the capillaries. 

The normal equilibrium of the filtration through the wall of the 
capillary, however, is doubtless modified in inflammation by the passage 
of proteins from the plasma into the tissue spaces. If the passage of 
lymph from tissue spaces into afferent lymphatic vessels depends largely 
on an osmotic equilibrium, it is probable that the accumulation of plasma 
proteins in the tissue spaces modifies and retards the flow of lymph into 
the afferent lymphatic vessels. Schade and MenscheL^ found that in 
inflamed areas, especially in those with suppuration, the accumulation 
of products of tissue degeneration may become so great that the osmotic 
pressure is raised as high as 11 atmospheres. An inflamed area can he 
considered as shunted off from the rest of the organism. It has its own 
metabolism, its own hydrogen ion concentration, and, as was just pointed 
out, its own modified circulation. 

I studied the behavior of foreign substances injected into an inflamed 
area by direct observation of the tributary lymphatic nodes and vessels 
draining the area. After some preliminary experimentation with the 
nucleated corpuscles of fowls, a Autal dye, trypan blue, was tried and 
found to be satisfactory.^® If trypan blue is injected into the normal 
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subcutaneous tissue of the foreleg of a rabbit, within from twenty to 
thirty minutes the dye stains the tributary afferent lymphatic vessels, 
the lymph node and the efferent lymphatic vessel. If, on the other 
hand, the dye is injected into a' similar area in which an inflammatory 
reaction has been produced some time before by a sterile irritant, the 
dye does not appear in the tributary lymphatics ; the afferent lymphatic 
vessels, the lymph node and the efferent lymphatic vessel remain color- 
less. The dye is evidently retained in the inflamed area. The fixation 
of the dye takes place soon after the injection of the irritant, being 
observed in some instances when the dye is injected thirty minutes after 
the injection of the irritant. 

Since trypan blue tends to remain in situ when injected directly into 
the inflamed area, an attempt was made, at the suggestion of Prof. 
Eugene L. Opie, to determine whether dye injected into the blood stream 
would accumulate at the site of inflammation. MacCurdy and Evans 
pointed out that the normal brain and spinal cord remain free from dye 
injected intravenously, but that areas of damage, such as softening or 
inflammation, become deeply stained. Bowman, Winternitz and Evans 
found that trypan blue injected intravenously stained tubercles in experi- 
mental tuberculosis. Subsequent!)^ Winternitz and Hirschfelder dem- 
onstrated that this dye injected in experimental lobar pneumonia stained 
the consolidated area of the lung selectively: “The intravenous injection 
of trypan blue and trypan red gave rise to the usual diffuse staining as 
described bj^ Bouffard, Goldman, etc., but in addition to this the diseased 
area of the lung showed a much more intense staining than any of the 
other tissues, while the normal lung tissue was practically normal in 
color.” Lewis found that when the cornea of a rabbit was inoculated 
with a liAung culture of the tubercle bacillus, a progressive lesion resulted 
character! zed. by intense congestion of the conjunctiva. When the ani- 
mal received an intravenous injection of trypan red twenty-four hours 
or more after such an inoculation, the fluid in the anterior chamber of 
the inoculated eye became colored. Precisely similar results were 
obtained when abrin was administered in the conjunctiva as an inflam- 
mator)^ irritant. McClellan and Goodpasture showed that trypan blue 
accumulated in lesiohs of herpetic encephalitis in the rabbit’s brain, the 
injured areas presenting a striking color against the unstained healthy 
tissue of the brain. Siengalewicz found that general damage to the 
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nervous tissue, such as poisoning with carbon monoxide or with -arsphe- 
namine, was followed by marked staining of the damaged areas by 
trypan blue. Ramsdell injected trypan blue into the veins of rabbits 
and guinea-pigs previously treated with foreign serum, and found that 
injection of the same serum into the skin of the ear immediately caused 
local infiltration? of the dye into the adjacent tissue. She regarded the 
infiltration by the dye as an indicator of edematous changes resulting 
from toxic injury to the capillary endothelium. 

Okuneff found that a thermal irritant favored the passage of vital 
stains from the blood stream into the area heated. Kusnetzowsky 
also observed that the local application to the skin of an irritant such as 
heat or mustard oil caused an accumulation of trypan blue in the 
inflamed area when the dye had previously been injected into the blood 
stream. 

I found that trypan blue introduced into the circulating blood rap- 
idly entered the site of inflammation, staining the tissue deeply, and 
that it did not readily drain away through the tributary lymphatic vessels 
(fig. 1). I further observed that the longer the interval of time between 
the injection of the irritant and that of the dye, the more complete was 
its retention, less of the dye diffusing to the regional lymph node. Thus 
there was not only a rapid accumulation, but also a fixation of dye from 
the blood stream in the inflamed area. 

It is well known that the retrosternal lymph nodes of the anterior 
mediastinum drain the peritoneal cavity. When trypan blue was injected 
into a normal peritoneal cavity the retrosternal lymph nodes were within 
a short time deeply stained by the dye, but when the dye was injected 
into a peritoneal cavity in which an inflammatory reaction had been set 
up by a sterile irritant, such as aleuronat, the dye was wholly or partly 
prevented from reaching the retrosternal lymphatic nodes. From these 
studies the following principle has consequently been established : A 
vital dye, trypan blue, injected into the circulating blood stream rapidly 
accumulates in an inflamed area and is fixed there, so that it fails to 
appear in the tributary lymphatics draining the area. 

The accumulation in inflamed tissue of the dye that has been intro- 
duced into the blood stream is doubtless the result of the increased per- 
meability of the capillaries which is part of the inflammatory reaction.'’^ 
We were able to secure quantitative data by studying directly the change 
in the concentration of the dye in the blood stream both in the inflamed, 
and in the normal, mesentery of the frog. After intraventricular injec- 
tion of the dye the change in concentration of trypan blue within the 
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Fig, 1.— The accumulation of trypan blue at a site of inflammation when the 
dye was injected into the circulating blood stream. The area of inflammation, 
which was of four hours’ duration, was induced in the skin of the abdomen of a 
rabbit by injection of concenllrated broth. The dye was injected intravenouslj^ 
fifteen minutes after the injection of the irritant. 



Figure 2 Figure 3 


Fig. 2. — Fixation of injected iron by an inflammatory reaction. Ferric chloride 
was injected into the normal peritoneal cavity of a rabbit. One hour later the 
rabbit was killed. The substernal region revealed the presence of iron in the 
retrosternal lymphatics that drain the peritoneal cavity (prussian blue reaction). 

Fig. 3. — Ferric chloride was injected into a peritoneal cavity that had been 
inflamed for twenty-two hours and forty minutes. An hour later the rabbit was 
killed. The substernal region failed to reveal the presence of iron to any appre- 
ciable extent in the lymphatics when the qualitative test was applied to the tissues. 
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capillaries could be estimated by a colorimetric method. When the 
logarithms of the concentrations of the dye within the capillary • were 
plotted against time, a straight line was obtained, denoting an exponen- 
tial type of relationship. The equations derived by the method of least 
squares for both the normal and the inflamed areas were of the type: 

y = 

The actual equations found were: 


y = 7.63e"“ -'‘^ (1) in the normal peritoneal cavity 

y = 6.9e‘'’-'*-^ (2) in the inflamed peritoneal cavity 


In these equations y represents the concentration of dye in the capillaries 
as estimated by comparison with the nearest standard on the colorimetric 
scale, and x stands for the time in minutes after the intraventricular 
injection of the dye, and a represents the slope of the curve. In the 
equation for the control experiments, a equaled 0.24, while in the equa- 
tion for the concentration of dye in the capillaries of the inflamed peri- 
toneal cavity, a equaled 0.42. Since a is an index of the slope and 
consequently of the rate of the change of concentration of the dye, it is 
clear that the rate of the fall of the concentration of trypan blue was 
almost twice as rapid in the capillaries of the inflamed area as in the 
capillaries of the normal mesentery. The dye obviously diffused out- 
ward into the extracapillary spaces, as could be seen by direct observa- 
tion and of course by the fact that the cells of the extracapillary spaces 
were stained. This does not necessarily mean that the fall of the con- 
centration of dye within the capillary is an exact measure of the amount 
of dye that passes through its walls, for it is conceivable that there may 
be other factors involved. However, in view of previous studies 
showing that trypan blue injected intravenously rapidly passes into an 
inflamed area, it is believed that the increased rate of the fall of con- 
centration is a measure of the increased passage of the dye through the 
wall of the capillary. 

Landis showed that capillaries injured by alcohol and mercuric chlo- 
ride are permeable to the plasma colloids and approximately seven times 
more permeable to fluids than the normal capillaries. It seems probable 
that similarly the inflammatory irritant may have a direct toxic effect 
on the walls of the capillaries and, by increasing their permeability, may 
cause a fall in the osmotic pressure of the plasma colloids. This direct 
injury would result in an increased rate of filtration of the dye into the 
inflamed area and would account for the increased rate of the fall in 
the concentration of the dye within the capillaries. Landis,''^ however, 
recently demonstrated that when a wheal is formed on the skin by freez- 
ing, or when a blister is caused b}'- the application of a cantharidal 
plaster, the average capillary pressure at the point of injury rises appre- 
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ciably. This factor in addition to increased permeability of capillaries 
also increases the filtration of substances into the extracapillary spaces. 

In order to determine whether the accumulation of trypan blue from 
the circulating blood stream into an inflamed area is due to direct damage 
to the wall of the capillaries, by the contact of the irritant, the following 
experiment, suggested by Prof. S. B. Wolbach, was performed. A 
small area at the center of the cornea of an anesthetized rabbit was 
burned by the application of a red hot platinum wire. On the following 
day only the small central area of the injury in the cornea appeared 
cloudy. At the periphery, however, the tissues overlying the sclera were 
definitely congested and thickened. Ten cubic centimeters of 1 per cent 
trypan blue was injected intravenously. Within a very short time the 
tissues at the periphery of the cornea were deepl}’’ stained by the dye. 
The corresponding normal area in the other eye showed either no pres- 
ence of the d3’'e or only a minute trace of it. This experiment indicated 
that the capillaries at the site of inflamed tissue are more permeable to 
tiwpan blue than those in normal areas. 

Recently Underhill and his collaborators showed that whereas 
trypan blue injected intravenousl)'’ i*apidly permeates into the edematous 
part of an area of burned skin, the reabsorption of the dye from this 
area is a very slow process. On the basis of their observations these 
investigators concluded that increased permeability of the capillaries in 
one direction may exist simultaneously with decreased permeability in 
the opposite direction. The experimental evidence that I presented, 
although not disposing of their contention, renders such an inference 
perhaps unnecessary. In the studies of lymphatics draining an inflamed 
area it was readily demonstrated that the failure of, the dye to be reab- 
sorbed from such an area was due to its fixation in situ by the presence 
of a fine network of fibrin and of thrombosed lymphatics. 

Further studies were undertaken to determine whether a metal 
would, like the dye, be fixed in situ by the inflammatory reaction.^® Iron 
was selected because of the ease of detecting this metal in tissues quali- 
tatively by the pmssian blue reaction. When colloidal iron or ferric 
chloride was injected into the normal peritoneal cavities of rabbits, it 
rapidty accumulated in the retrosternal lymph nodes, as was shown by 
the Prussian blue reaction, but it failed to reach these lymph nodes when 
it was injected into peritoneal cavities in which inflammation had been 
caused previously either b}*^ aleuronat or by Staph, aureus (figs. 2 and 
3). Quantitative studies by the method of Kennedy of the iron con- 
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tent of these lymph nodes in animals into which ferric chloride had been 
injected intraperitoneally revealed 56.7 per cent more metal in the nodes 
of the animals with normal peritoneal cavities than in those with 
inflamed peritoneal cavities. Experiments were then performed to dem- 
onstrate the accumulation of the metal in inflamed areas when ferric 
chloride was injected into the circulating blood stream. Acute inflam- 
matory reactions of from six to seven hours’ duration were obtained 
by the injection of Staph, aureus into the skin of the abdomens of rab- 
bits. Such acute inflamed dermal areas did not themselves give the 
Prussian blue reaction, but when ferric chloride was injected intra- 
venously the metal became demonstrable in these areas by qualitative 
tests. Quantitative determinations showed in inflamed areas of the skin 
of normal animals, as an average figure, 9.7 mg. of iron per hundred 
grams of dry tissue, as compared with 16.2 mg. in animals into which 
ferric chloride had been injected intravenousl}^ or an increase of 67 i^er 
cent in iron content after the introduction of the ferric salt. The aA^er- 
age iron content of normal areas of the skin in the animals receiving 
the injections was 10.4 mg., as compared with 8.4 mg. in the animals 
not given injections, showing an increase of 23.8 per cent as a result of 
the injection of the metal salt. Thus about three times more metal 
accumulated in the inflamed, than in the normal, areas of the skin. 
These observations show that iron accumulates, as does trypan blue, 
in an inflamed area when injected intravenously and is fixed there by 
the inflammatory reaction. 

These studies may have a clinical application. It is conceivable that 
by the accumulation of dye, iron or other material in an inflamed area, 
the character or the course of development of the inflammatory reaction 
may be altered. I demonstrated by qualitative and subsequently by 
quantitative methods that daily intravenous injections of ferric chloride 
in tuberculous rabbits caused an accumulation of iron in the caseous 
areas of the tuberculous foci.®® Whereas in inflamed areas prerdously 
studied the iron salt had been found to accumulate at the periphery and 
not in the central portion (where the circulation is relatEely inactEe), 
these tuberculous foci, on the contrary, revealed the metal in the caseous 
centers. It is to be noted in this connection that vaidous dyes that cannot 
penetrate living cells are able to stain dead or dying cells.®’- Further 
experiments are being conducted to determine the effect of the accumu- 
lation of iron in tuberculous areas on the course of development of the 
disease. 

As mentioned, Opie showed that foreign protein injected into the 
skin of an actively immunized animal is fixed at the site of injection, 
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where the contact of antigen and antibody causes an acute inflammatory 
reaction (Arthus’ phenomenon). In view of this work on immunized 
animals and of the results obtained with trypan blue and iron, I under- 
took experiments to determine whether a readil}'- identified foreign pro- 
tein, such as horse serum, injected into an area of inflammation caused 
by either bacteria or a sterile irritant would also be retained in situ by 
the inflammatory reaction. 

Horse serum was injected into the peritoneal cavities of normal rab- 
bits and of rabbits that had previously been given an intraperitoneal 
injection of an inflammatory irritant. The presence of the foreign pro- 
tein was tested b)'’ the precipitin reaction on blood samples removed at 
varying intervals from the heart. It was found that horse serum injected 
into an inflamed peritoneal cavity penetrated into the blood stream less 
rapidly than when introduced into the normal cavity. Furthermore it 
was noted that when the foreign protein was injected into a cutaneous 
inflammatory area it was held in situ for a longer period than when 
injected into an inflamed peritoneal cavity. 

These experiments showed that, like trypan blue and iron, complex 
foreign proteins, such as are found in horse serum, when injected into 
an inflamed area (caused in Opie's experiments by the contact of antigen 
and antibody and in the present experiments by a sterile irritant) are 
held fixed by the inflammatory reaction. 

With the demonstration that the penetration of horse serum into the 
blood stream is delayed at the site of inflammation, the attempt was 
made to determine whether, as with trypan blue and ferric chloride pre- 
Adously studied, horse serum injected into the circulating blood stream 
would accumulate in inflamed areas to a greater extent than in normal 
tissue. 

Rabbits were used. An area of cutaneous inflammation was induced 
by the injection of about 0.2 cc, of a saline suspension of Staph, aureus 
into the skin of the abdomen. About three hours later 10 cc. of horse 
serum was injected intravenously. The animal was killed when the 
inflammation was of from five to six hours’ duration. Saline extracts 
obtained from the inflamed area and from an area of normal skin were 
tested for the presence of horse serum. It was consistently found that 
a greater concentration of the foreign protein could be recovered from 
the site of inflammation than from the corresponding area of normal 
skin. These results were therefore similar to those obtained with tiypan 
blue and with ferric chloride. The accumulation of foreign protein in 
inflamed tissue is doubtless in part the result of the increased passage 
of fluid from the circulating blood stream, but the observations recorded 
indicate that its escape from the site of inflammation is retarded. 
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These observations otfered a means of explaining an interesting 
observation made some years ago by Auer.®- This investigator showed 
that when the ear of a rabbit immunized with horse serum was painted 
with xylene, following reinjection of the homologous antigen into the 
peritoneal cavity, an intense inflammatory reaction, followed by necrosis, 
took place in the affected ear. No such severe reaction was seen when 
xylene had been applied to the ear of a normal rabbit after a single 
injection of horse serum. In view of the observations on the accumu- 
lation of foreign protein in inflamed areas it is highly probable that the 
reaction in Auer’s experiment was simply the result of an accumulation 
in the inflamed ear of the sensitized animal of antigen and antibody from 
the circulating blood stream. The contact of antigen and antibody in 
the tissues evidently caused an acute inflammatory reaction, thus intensi- 
fying the mild reaction produced b}'^ X 3 dene alone. This explanation is 
verified by the demonstration in several experiments that horse serum 
from the circulating blood accumulates in greater concentration in the 
inflamed, than in the normal, ear of a sensitized animal. 

It is also possible that the phenomenon of focal reaction in tuber-: 
culosis may be explained by these observations. When tuberculin is 
introduced into the blood stream of an animal with a tuberculous lesion, 
an intense inflammatory reaction may develop in the lesion. The mech- 
anism of this focal reaction in tuberculosis is not understood. It is 
conceivable in view of the aforementioned experiments with horse 
serum that in a like manner tuberculoprotein from the blood stream 
may accumulate in the inflamed tuberculous lesion and by its presence 
there induce a local inflammatory reaction. 

Shwartzman described an interesting reaction that occurred when 
a filtrate of 5. typhosus was injected into the skin of a rabbit. When 
twenty-four hours later the same filtrate or a filtrate of a nonrelated 
organism, such as the meningococcus, was introduced into the blood 
stream, hemorrhagic necrosis often took place at the site of the cutane- 
ous injection. The observations on the accumulation and fixation of 
foreign proteins at the site of inflammation which have been described 
suggest that the intense cutaneous reaction following the intravenous 
injection of a bacterial filtrate may be the result of an accumulation of 
this substance in an area of the skin already inflamed, with resulting 
accentuation of the original lesion. The reaction does not have to take 
place with all bacterial filtrates or with all inflammatory irritants. The 
degree of permeability of the capillaries and the optimum of the syn- 
ergistic action of two irritating substances on one another may modify 
the final reaction. On conceiving the phenomenon from this angle, it is 
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suggested that it may be purely a nonspecific x'eaction resulting from the 
accumulation of an irritating substance in an inflamed area. Frisch 
recently showed that this reaction took place in the prepared area of the 
skin if the bacterial filtrate was injected intraperitoneally. When, how- 
ever, the filtrate had been previously’- injected several times into the 
peritoneal cavity, the skin reaction failed to occur when the filtrate was 
injected intraperitoneally, but not when injected intravenously. The 
failure of the reaction may perhaps be explained in terms of fixation 
of the bacterial filtrate in a peidtoneal cavity inflamed by preliminary 
injections of the filtrate. 

Further studies were undertaken to determine the behavior of par- 
ticulate matter and of bacteria at the site of inflammation when injected 
intravenousl)'- or directly into an inflamed area.^° It was believed that by 
such studies additional valuable information might be obtained concern- 
ing the increased permeability of the capillaries in inflammation and the 
consequent localization of bacteria from the circulating blood stream 
when reaching a point of injury. Previous investigators had studied 
the dissemination of bacteria from the site of inflammation by recover- 
ing the organisms in the blood stream. The local state had not been 
studied. In experiments that I performed it was shown that the failure 
of bacterial dissemination from the site of inflammation was due to 
fixation of the micro-organisms in situ. It was found that diluted India 
ink or particles of graphite injected into a normal peritoneal cavity 
I'eadily drained into the retrosternal lymph nodes. When, however, 
these particles were injected into an inflamed peritoneal cavity, they 
failed to disseminate to any extent to the tributary lymphatic nodes. 

The attempt was next made to determine whether india ink injected 
into the circulating blood would rapidly enter the inflamed area. No 
satisfactor)^ evidence to that effect could be obtained. It is well known 
in this connection that india ink adheres to the endothelial lining of capil- 
laries. Kusnetzowsky,®-* however, reported that as the vessels become 
more permeable in ai'eas of inflammation particles of india ink make 
their way through the endothelial M'-all into the extracapillary spaces, 
where they are taken up by the polyblasts. Graphite ink (Hydrokollag 
“300”) has the advantage over india ink of not adhering to the vascular 
wall.®® For this reason experiments were performed to determine 
whether such jDarticles accumulate in an inflamed area when injected 
into the circulating blood stream. Rabbits were used. An inflam- 
matory reaction was induced in the skin of the abdomen by an)’ one of 
a variety of sterile or bacterial irritants. Several hours later 10 cc. of a 
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diluted suspension of particles of graphite was injected into the aural 
vein. After a variable interval of time the area of inflammation 
revealed large deposits of particles of graphite. Histologic section of 
such an area showed many polymorphonuclear leukocytes loaded with 
graphite. The question arose as to whether particles of graphite injected 
into the circulating blood are brought to the site of inflammation entirely 
by leukocytes or whether the permeability of the capillary is also suffi- 
ciently increased to allow some of these relatively large particles to pass 
through the endothelial wall. To settle this point histologic examination 
was made of areas of skin in which the duration of inflammation was 
only of about six hours. Careful studies under oil immersion magnifica- 
tion revealed many capillaries with unattached particles of graphite 
within their lumina. Some of these particles were in the process of 
passing into the extracapillary spaces. In the tissue spaces many of 
these isolated granules were found surrounding the capillaries. Only 
occasionally in such regions could the particles be seen within polymor- 
phonuclear leukocytes. It is evident, therefore, that when the inflam- 
matory reaction is of short duration the passage of nonphagocytosed 
particles of graphite through the walls of capillaries can be readily 
demonstrated. Since no such evidence was obtained in sections of 
normal areas, the observations indicate that with inflammation the walls 
of the capillaries become permeable to particulate matter. 

Experiments were devised to determine whether bacteria would be 
fixed like particles of carbon by the inflammatory reaction. The organ- 
ism studied was B. prodigiosiis. In a few exj^eriments B. pyocyaneus 
was used. The organisms were injected into both the normal and the 
inflamed peritoneal cavities of rabbits. After a ^''ariable interval of time 
the retrosternal lymph nodes were removed, and the number of bacilli 
was determined by a culture method. It was found that whereas a large 
number of bacilli were recovered from the nodes in the normal animal, 
a relatively insignificant number were obtained from those of rabbits 
having inflamed pei'itoneal cavities. 

Experiments were set up to determine whether or not this failure of 
bacterial dissemination to the tributary lymph nodes was actually due 
to retention of the micro-organisms at the site of inflammation. In all 
experiments a larger number of micro-organisms were recovered from 
the site of inflammation than from a corresponding normal area. It is 
to be noted that precisely similar results had been obtained with a foreign 
protein."** Rich and McCoi'dock questioned the view that aAite inflam- 
mation per se can prevent the spread of bacteria. These observations 
represent direct evidence that bacteria are retained in situ by the inflam- 
matory reaction, and consequently fail to disseminate to the tributarv 
lymphatic nodes as readily as under ordinary circumstances. 
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It is known that injury to tissue ma)'- determine the localization in 
the damaged tissue of bacteria or of ultrafiltrable organisms present in 
the circulating blood. Calmette and Guerin ““ found that after the back 
of a rabbit had been shaved, intravenous injection "of the virus of vac- 
cinia resulted in a localization of the virus in the epilated area. Kettle 
showed that tubercle bacilli injected intraA^enously into mice or rabbits 
tended to settle in localized subcutaneous lesions caused b}'^ various 
agents that produce increased vascularity and necrosis of tissue. 
Chesney, Turner and Halley found that when rabbits with wounds in 
their backs were inoculated either intratesticularly or intravenousl)'^ with 
Spirochaeta pallida, syphilitic lesions invariably developed in the wounds. 
Findlay believed that histamine-like substances, liberated at the point 
of injury, were the specific agents, which by their action on the walls of 
the capillaries caused organisms present in the blood stream to localize 
at the site of injury. Sager and Nickel recently demonstrated that 
subcutaneous injection of silver nitrate into rabbits caused sterile 
abscesses. After intravenous injection of green streptococci, these 
organisms were recovered from the abscesses in some of the rabbits. 
They concluded that bacteria may become localized in places of lowered 
resistance. Quednau pointed out that bacteria, especially pneumococci, 
in the blood stream tended to localize readily in areas of cerebral 
softening. 

I undertook experiments to determine whether bacteria which, when 
injected directly into an inflamed area, are fixed in situ would accumulate 
rapidly at the site of inflammation when injected into the blood stream.^® 
Rabbits were used. An area of inflammation was induced by injecting 
0.5 cc. of concentrated broth in the skin of the abdomen. After a short 
time a suspension of B. prodigiosiis or of B. pyocyaneus was injected 
intravenously. When a variable interval of time had elapsed, the animal 
was killed and the number of micro-organisms localized in both the 
inflamed and a normal area of the skin was determined by culture of 
the respective tissues. The number of intravenously injected bacteria 
accumulating at the site of inflammation was found to be distinctly 
greater than that in an area of normal skin. These observations are in 
agreement with the results described in which it was demonstrated that 
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the permeability of the capillaries in inflamed areas is sufficiently 
increased to allow particles of carbon to pass through the endothelial 
wall. 

The frequent localization of bacteria from the blood stream in a 
‘"locus minoris rcsisfentiae'’ occurring after preliminary trauma or other 
injury of tissue is well known to pathologists and clinicians. My 
observations on the accumulation of bacteria in an inflamed area from 
the circulating blood stream may explain the mechanism of this phe- 
nomenon in terms of increased permeability of the capillaries, with 
resulting accumulation and fixation of bacteria at the point of injury. 

THE MECHANISM OF FIXATION BY THE INFLAMMATORY 

REACTION 

^Vith the demonstration that the accumulation of foreign substances 
from the circulating blood in an inflamed area is associated with 
increased permeability of the capillaries, studies were extended in an 
attempt to determine the mechanism of the fixation by the inflammatory 
reaction.^” 

The leukocytes are probably not a very significant factor in the 
mechanism of fixation, for two reasons. In the first place, no definite 
histologic evidence could be obtained of phagocytosed particles in the 
leukocytes of the inflamed area at a time when fixation of foreign sub- 
stances was demonstrable by examination of the tributary lymphatics. 
In the second place, fixation of trypan blue at the site of inflammation 
occurred as early as thirty minutes after the injection of the inflammatory 
irritant.^® The occurrence of fixation at this early stage of the inflam- 
matory reaction when there were as yet relatively few leukocytes present 
seems to point toward some other agent responsible for fixation. 

A factor that might explain fixation is mechanical obstruction. It is 
conceivable that a network of fibrin and thrombosed lymphatics at the 
site of inflammation might arrest the passage of particulate material 
injected into the inflamed area. The dissemination of fluids would 
probalily also be retarded by mechanical obstruction of this kind, though 
probably not as effectively as that of solid particles, which would be 
more readily caught in a fibrinous network. In this connection it is 
interesting to note that some years ago Opie showed that when 
cantharidin was administered intramuscularly, the flow of lymph in the 
thoracic duct was at first diminished, but later might be increased. The 
decrease in the flow of lymph was accompanied by acute edema of the 
liver and gallbladder. This edema was due to a plugging of the afferent 
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lymphatic vessels and the sinuses of lymph nodes that drain these 
organs by fibrin. The observations of Adami mentioned at the begin- 
ning of this review are also significant in this connection. 

In the endeavor to throw some light on the mechanism involved in 
fixation, a series of experiments was undertaken to determine whether 
the inflammatory exudate in itself possesses some property that might 
facilitate the fixing of foreign substances in the inflamed area. 

It was found that when ferric chloride was added directly to the 
inflammatory exudate heavy precipitation occurred. The compound 
formed was presumably a ferric proteinate."’* When horse serum was 
added to the exudate and incubated at 37 C. for a short time, coagulation 
took place. However, when trypan blue was added to an inflammatory 
exudate, no effect was noticed. Yet this vital dye was shown to be 
definitely held in situ by the inflammatory reaction. The reaction of 
fixation must be due primarily to some mechanism other than precipita- 
tion or coagulation of foreign substances by the inflammator}'' exudate. 
As it was shown, however, that iron compounds are apparently more 
effectively held by the inflammatory reaction than trypan blue, it is 
possible that precipitation or coagulation of foreign substances acts as 
a secondary factor in the mechanism of fixation by preventing rapid 
dissemination from the site of inflammation. 

Sections were made of the inflamed tissues of rabbits in experiments 
in which either trypan blue or ferric chloride had been shown to be 
fixed in situ b}’ the inflammatory process. In these sections there is 
shown, as a rule, a central area of dense leukocytic infiltration. The 
intensit}^ of the inflammatory reaction adjacent to veins and arteries is 
noteworthy. It is to be recalled that when the dye was injected intra- 
venously, it would not always penetrate into the central zone of the 
inflamed area. This was evidently due to thrombosis of the small blood 
vessels, for sections of such areas reveal some thrombosed vessels with 
acute inflammatory changes in the surrounding tissue. 

Histologically there is little evidence of phagocytosed particles of 
trypan blue or of iron within the leukocytes at a time when retention of 
these substances at the site of inflammation is clearly demonstrable. 

A mesh of fibrin is usually found at the periphery of the zone of 
dense infiltration (fig. 4). In the same region careful study reveals 
many lymphatic vessels that are thrombosed; one of these is illustrated 
in figure 5. The thrombus is characterized by numerous leukoc34es 
within a delicate fibrinous reticulum. The fact that there are man}' 
occluded lymphatics and a dense network of fibrinous strands within 
tissues that are distended with edema at the site of inflammation sup- 
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Fig. 4.— The mesh of fibrin at the periphery of a zone of infiltration. 
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ports the view that foreign substances, especially solid particles, such as 
precipitated iron salts, can disseminate only with difficulty from the 
inflamed area through the regional lymphatic vessels. 

If, as described, the thrombosed lymphatics and the network of 
fibrin in the acutely inflamed area are instrumental in mechanically pre- 
venting the free passage of substances from the site of inflammation, it 
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Fig. 5. — A thrombosed lymphatic vessel in a zone of infiltration (from the 
Journal of Experimental Medicine). 


follows that similar substances injected at the periphery of the inflamed 
area should be i^revented by the same obstruction from entering it. To 
test this hypothesis, the following experiments were conducted at the 
suggestion of Professor Opie. 

An inflammatory reaction was induced in the skin of the abdomen 
of a rabbit by the use of a bacterial irritant {Staph, aureus) or by the 
injection of concentrated broth. After a varying interval of time trypan 




Fig. G. — The failure of trypan blue to penetrate a site of inflammation when 
injected at its periphery; 0.1 cc. of trypan blue was injected into each of several 
areas surrounding an inflamed area. About one and a half hours later the dye 
had diffused into the surrounding normal tissues, but had failed to penetrate the 
site of inflammation. 
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blue was injected at the periphery of the inflamed area in from four to 
six places. In this way the inflamed area became circumscribed by a 
blue band. In an area of normal skin similar injections of dye were 
made to serve as control. Several hours later the inflamed area within 
the original circumscribed blue band showed no trace of dye, whereas 
the area of normal skin was diffusely blue (fig. 6). The dye had 
evidently failed to penetrate into the site of inflammation, when injected 
at its periphery, owing to the presence of thrombosed lymphatics and 
of a fine network of fibrin in the tissue spaces. Experiments of the 
same type repeated on frogs yielded similar results. 

Direct observation with a binocular dissecting microscope demon- 
strated that in frogs the failure of the dye to penetrate into an 
inflamed area was due to the mechanical obstruction of the lymphatic 
vessels by blood clots ; histologic sections revealed a network of fibrin 
in the tissue spaces of the inflamed areas. 

Similar results were obtained with bacteria. When B. prodigiosiis 
was injected at the periphery of an inflamed area the micro-organisms 
failed to penetrate to any appreciable extent into the site of inflamma- 
tion; but they disseminated rapidl}'^ into normal tissue. 

Fixation of foreign substances by the inflammatory reaction is 
therefore primarily due to mechanical obstruction caused by a fine net- 
work of fibrin and by thrombosed lymphatics at the site of inflammation. 
Further experiments are being conducted to determine the rela- 
tion between exudation from blood vessels and change in the flow of 
lymph from the site of inflammation. 

The experiments described present proof that various foreign sub- 
stances, including a dye, a metallic salt, a foreign protein, particulate 
matter and bacteria, injected into the site of inflammation are fixed in 
situ and fail to drain readily into the tributary lymphatic vessels. These 
same substances injected intravenously accumulate rapidly in inflamed 
areas. This accumulation is partly associated with increased permeability 
of the capillaries, but is also the result of the inability of these substances 
to escape from the site of inflammation, owing to the presence of a fine 
network of fibrin and of thrombosed lymphatics. The mechanism of 
fixation takes place extremely early in the inflammatory process. In 
previous experiments fixation of a dye at the site of inflammation 
could be demonstrated by study of the regional lymphatics as early as 
thirty minutes after the injection of the inflammatory, irritant. This 
would indicate that the earliest change in inflammation is an increase in 
the permeability of the capillaries which permits the passage of fibri- 
nogen from the plasma into the tissue spaces. The rapid formation of 
a network of fibrin and of thrombi in lymphatics at the site of inflam- 
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mation circumscribes the irritating substance and thus prevents its pas- 
sage into the blood stream. This allows a definite interval of time lor 
the leukocytes to assemble for phagocytosis. The initial fixation of 
bacteria or of other injurious substances at the site of inflammation thus 
becomes a protective mechanism and pla3's a definite role in immunity. 

Dr. S. B. Wolbacli supplied the photomicrographs and Miss E. Piotti the 
colored plates. 



Notes and News 


University News, Appointments, Promotions, Resignations, Deaths, 
etc. — R. E. Miller has been appointed assistant professor of pathology in the 
Dartmouth Afedical School, Hanover, N. H. 

E. B. McKinley, professor of bacteriology in Columbia University and director 
of the Porto Rico School of Tropical Medicine, has been appointed dean of the 
school of medicine of the George Washington University, Washington, D. C. 

James R. Cash, formerly professor of pathology in Peiping Union Aledical 
College, now occupies the Walter Reed professorship of pathology in the University 
of Virginia, vacated by the death of Harry T. Alarshall. 

D. H. Bergey, formerly professor of hygiene and bacteriology in the University 
of Pennsylvania, has been appointed director of research and biology by the 
National Drug Company. 

J. C. Geiger, professor of epidemiology in the Universitj”^ of California, has been 
appointed health officer of the city and county of San Francisco. 

LaVerne A. Barnes, senior instructor in bacteriology in the school of medicine 
of Western Reserve University, has resigned to become immunologist to the 
state department of health of Massachusetts. 

Newell R. Ziegler has been appointed associate professor of bacteriology in 
the University of Missouri. 

J. F. Rinehart has been appointed assistant professor of pathology in the 
University of California. 

H. E. Teasley has been appointed instructor in bacteriology in the University 
of Colorado. 

William Freeman has been appointed pathologist at the Worcester State 
Hospital, Worcester, Afass. 

It is reported that Carl V. Weller has been appointed professor of pathology 
and director of the pathological laboratory at the University of Michigan to succeed 
the late Aldred S. Warthin. 

The Bal}'^ Aledal of the Royal College of Physicians of London, conferred 
alternate years on the person deemed to have distinguished himself most in the 
science of phj-siology during the two immediately preceding years, has been 
awarded to W. B. Cannon, professor of physiology in the Harvard Medical School. 

The three hundred thousandth microscope made by the firm of E. Leitz has 
been presented to Prof. Ludwig Aschoff, Freiburg, German 3 ^ 

A. F. DeGroat has been appointed assistant professor of pathology in the 
University of Arkansas. 

Society News. — During 1932 the Pathological Society of Great Britain and 
Ireland will hold a meeting at Gu 3 '’s Hospital in January and at Oxford in 
the summer. 

The German Pathological Society will meet in Rostock during the week of 
Alaj'- 14 to 21, 1932, under the presidency of G. Herxheimer. The subjects for 
special reports are: (1) The Pathologic Anatomy of the Spinal Column, referee, 
G. Schmorl, and (2) Glioma, referee, Folke Henschen. According to the last 
report, the society now has 406 members. 
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Experimental Pathology and Pathologic Physiology 

The Behavior of Lead in the Animal Organism. Robert A. Kehoe and 
Frederick Tiiamann, Am. J. 13:478, 1931. 

The experiments recorded in this article show that tetra-cthyl lead is absorbed 
through the skin. The initial distribution of the lead in the tissues in rapid tetra- 
ethyl lead absorption corresponds to that of an oil-soluble material, and indicates 
therefore that some portion of the tetra-ethjd lead is absorbed and circulates as 
such. However, tetra-ethyl lead is rapidlj' decomposed by the tissues, including 
the skin, so that only a small portion of the lead found later in the blood is in 
the form of tetra-ethyl lead. As a net result, after a period of from three to 
fourteen days, all of the lead in the animal tissues is distributed in a manner 
characteristic of water-soluble lead compounds. In small dosages, the factors 
of rapid decomposition and low concentration in the blood so interfere with the 
distribution of tetra-ethyl lead as such, as to prevent its primarj' absorption by 
the nervous system. Even when absorbed as the terta-ethyl compound, the excre- 
tion follows quantitatively that of water-soluble lead compounds. Tetra-ethyl 
lead poisoning is therefore not different from lead poisoning occasioned by other 
lead compounds. Evidence is adduced showing that the absorption of tetra-ethyl 
lead from gasoline in concentrations not in excess of 0.1 per cent is inappreciable. 

Authors’ Sujimary. 


Absorption of Calciu.m from the Gall Bladder. Ed.mund Andrews and Leo 
Hrdina, Am. J. M. Sc. 181:478, 1931. 

In obstruction of the cj^stic duct in dogs, the relatively high calcium content 
of the bile of the cystic duct is gradually lowered, and in the presence of infec- 
tion it is rapidly lowered. Authors’ Summary. 


The Role of Diet in Protecting Against Liver Injury by Arsphenamine. 
E. B. Craven, Jr., Bull. Johns Hopkins Hosp. 48:131, 1931. 

A diet high in fat and one high in protein protect against injury to the liver 
by arsphenamine, the diet high in fat being the more effective. A diet high in 
carbohydrate and starvation favor the injurious action of arsphenamine. 


Pathogenesis of Multiple Sclerosis. Richard M. Brickner, Bull. Neurol. 

Inst., New York 1:105, 1931. 

In a previous contribution {Arch. Neurol. & Psychiaf. 23:715, 1930) Brickner 
came to the conclusion that the serum of patients suffering from multiple sclerosis 
contains a substance that destro}^s the myelin; it causes myelinolysis. The hypo- 
thetic substance was supposed to be a lipase. Brickner studied fift 3 ’’-one patients 
with multiple sclerosis and seventy-nine normal persons to test this hypothesis. 
From his laborious and highh'^ technical stud}^ Brickner concludes that the blood 
of a patient with multiple sclerosis contains an abnormal lipase, and that most 
likely one does not deal in this disease with a filtrable virus. The lipase is sup- 
posed to be the same agent that produces myelinolysis in the spinal cord in rats. 
Some of the facts established by the present studies are that in multiple sclerosis 
acid is produced in the blood serum, and that the production of acid can be inhibited 
by the addition of sodium oxalate. In lecithinated serum, acid is formed from 
preparations of the serums of both normal persons and patients with multiple 
sclerosis, but it is greater in the serum of the latter and maj" be markedly 

inhibited by oxalate. t> tj- , 

George B. Hassin. 
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The Influence of the Intravenous Injection of Urea on the Exchange 
OF Substances Between the Blood and the Tissues. Hugh Donovan 
and O. Brenner, Brit. J. Exper. Path. 11:419, 1930. 

The results of the intravenous injection of S Gm. of urea in health and in 
various diseases were investigated. By the time the urea had mixed with the 
blood (three minutes), 80 per cent had left the blood stream. It is suggested 
that the urea leaves the blood by a process of simple diffusion, passing into the 
water of the cells, as well as into the free water, and that the process is complete 
in fifteen minutes, when the concentration of urea in the blood equals that in the 
tissues. A review of the literature indicates that urea is unique in this respect. 
Witli no other substance investigated is tlie distribution uniform over blood and 
tissues, and with most substances, the concentration in some tissues is greater 
than that in the blood, showing that the process by which the substance enters the 
tissues is not one of simple diffusion alone. It is suggested that the sudden intro- 
duction of urea into the body delays the formation of urea, and may even bring 
it to a standstill for the first two hours after the injection. The importance of 
this in connection with the production of uremia is mentioned. The osmotic 
attraction of the urea injected is greatly reduced by its rapidly leaving tlie blood. 
Salt also leaves the blood, so that the osmotic attraction of dissolved substances 
in the blood is not raised even three minutes after the injection. In spite of this 
the blood is more dilute at the end of three minutes. It is suggested that this may 
be due to a lag in the movement of water behind that of urea and salt. Evidence 
is discussed in favor of the view that, except in edematous patients, injection of 
urea causes some salt to pass out of the fluid of the body, to be stored in a “dry” 
form in the salt depots of the body, thus reducing the crystalloid concentration 
of the fluids of the body, which had been raised by the injection of urea; but that 
in most cases of edema, salt is liberated from the depots and enters the fluids 
of the body. It is pointed out that the capillaries are completely permeable to 
water and to most of the substances dissolved in the blood plasma, and are partly 
permeable to the plasma proteins. The factors in the retention of the blood inside 
the vessels are discussed. None of the causes ordinarily mentioned seem sufficient. 
It seems probable that the true cause must be sought in the tissues, rather than 
in the blood or in the blood vessels. It is suggested that perhaps the amount of 
fluid leaving the blood is limited by the capacitj' of the tissues for taking up 
water, and that this in its turn may be influenced by changes in the balance 
between acid and base, or by alterations in the relative proportions of various ions. 
A review of the literature shows that in experimental edema usually less fluid 
passes into the tissues, after intravenous injection, than in nonedematous animals, 
suggesting that an important factor in the production of edema is a deficient 


power of the tissues to hold and bind water, which therefore accumulates in the 
tissue spaces. Our own results suggest that in edema the tissues are also less 


able to bind salt, which also accumulates in the free fluids of the tissues. Any 
satisfactory theory of edema must account for this. ■ Authors’ Summary 


The Significance of the Lungs for the Transportation of Material 
Within the Body. P. Spanier, Beitr. z. Klin. d. Tuberk. 76:507, 1931. 

The lungs retain a considerable number of leukocytes that have phagocytosed 
foreign particles. Such particulate matter is finally excreted again, but the roads 
of transport are not definitely' known. Experiments are being made to use this 
leukocytic carrying mechanism in order to concentrate therapeutic agents in the 
lung tissue. ' ^ 

Max Pinner. 


The Action of the Blood of Pregnant Women on Frog Larvae. H. 
Eufinger, H. Wiesbader and N. Smilovits, Klin. Wchnschr. 10:348, 1931. 

The blood of pregnant women fed to frog larvae influences their metamorphosis 
in the same way, if not as profoundly as does thj^roxin. This effect is correlated 
with hj'perfunction of the thyroid gland during pregnancy. 

Edwin F. Hirsch. 
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Fukctional Disturbances in the Central Nervous System in Cerebral 
Anejiia. J. R. Petrofe, Ztschr. f. d. ges. exper. Med. 75:1, 1931. 

Experiments and observations are cited which show that marked disturbances 
in respiration are accompanied by definite changes in the vasomotor center. 
Stimulation of the respiratory center in repeated cases of cerebral anemia is accom- 
panied by simultaneous stimulation of the vasomotor center. The vasomotor center 
is sensitive to changes in blood pressure ‘in the brain. The author’s experiments 
do not confirm the belief that carbon dioxide and substances such as lactic acid 
stimulate the vasomotor center and immediately release a pressor effect. The 
pressor action in asphyxia appears to result from stirnulation of the respiratory 
center. Experiments are also described that show the difference between the 
action of the vasomotor center (vasoconstriction) and other central activity, such 
as the control of vascular tone. Pearl Zeek 


Experimental Obstructive Jaundice. B. Varela Puentes, J. Duomarco and 
A. Munilla, Ztschr. f. d. ges. exper. Med. 75:577, 1931. 

Changes in the glycogen metabolism of the liver following obstruction of the 
common bile duct were studied in dogs. Although the total amount of hepatic 
glycogen was found to be decreased, the liver was still capable of building and 
storing glycogen from excessive carbohydrate taken in food. The hyperglycemia 
following injections of epinephrine in these animals was similar to that in normal 
dogs, except that the height of the sugar content of the blood was reached after a 
somewhat longer interval. The curve of glycosuria following the injection of 
epinephrine was also essentially the same. Pearl Zeek 


The Importance of Splenomegaly in Essential Thrombopenia. R. 

Bergqvist, Acta path, et microbiol. Scandinav. 8:1, 1931. 

Essential thrombopenia is ascribed by some investigators to disturbances in the 
marrow, and by others to excessive destruction of platelets in the spleen. The 
latter view seems to be supported by the good effects of removing the spleen in 
typical cases of the disease. Bergqvist describes the spleen removed in two typical 
instances : Grossty, the organ was moderately enlarged ; microscopically, there was 
hyperplasia of germinal centers in follicles and pulp cells and the sinus aido- 
thelium, with indications of myeloid transformation (oxydase-positive granules). 
The view is advanced that the spleen somehow is directly concerned in essential 
thrombopenia, but its precise role cannot be defined. 


Xanthomatosis with Cranial Defects (Schuller’s Disease). Fremann- 
Dahl and Forsberg, Norsk mag. f. laegevidensk. 92:523, 1931. 

In the form of xanthomatosis called Schiiller’s disease the xanthomatous infiltra- 
tions on the inner side of the cranium lead by pressure atrophy to the destruction 
of bone. In a girl, aged 14, with a history of trauma against the left temple at 
the age of 5, attacks of pain in the left temporal region set in three years later, 
which gained in frequency and intensity, and were followed by symptoms of slowly 
increasing intracranial pressure, together with diabetes insipidus, exophthalmos 
(left) and retardation of growth. Roentgen examinations showed the development 
of numerous sharp defects in the cranium, localized especially in the squamous 
portion of the temporal bone and also in the anterior, part of the skull and left 
orbit, and revealed a typical maplike skull (Schuller). The diagnosis of xantho- 
matosis was supported by a negative Wassermann reaction, the presence of 
Bence-Jones protein in the urine, and by high blood cholesterol, pointing to a 
disturbance in the lipoid metabolism. 
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Pathologic Anatomy 


Malignant Endocarditis (Pneumococcal), with Early Calcification and 
Calcareous Renal Emboli. E. R. Cullinan and W. S. Baxter, Am. 
Heart J. 6:420, 1931. 


In a case of malignant endocarditis in a youth of 19 years, autopsy twenty 
days after the onset revealed calcification in the newly formed vegetations of the 
infected valve. The arterioles of the kidney contained calcified emboli. These 
had caused, not infarction by occlusion, but hemorrhage by trauma, in the adjacent 


renal substance. 


Alfred M. Glazer. 


Sclerosis of Small Mesenteric Vessels with Ulceration and Gangrene of ’ 

THE Enteric Tract. Pearl Zeek and John J. Phair, Am. J. M. Sc. 181: 

548, 1931. 

Three cases of extensive ulceration and gangrene of the gastro-enteric tract are 
described, in which these lesions are attributed to mesenteric arteriosclerosis. 

Authors’ Summary. 

Renal Calcification. S. Petrassi, Arch, di path, e din. med. 10:104, 1930. 

The various forms of renal calcification are classified by the author not only 
by topographic differences, but also by pathogenesis. Special attention is given 
to the “metastases of calcium” in the kidney. Calcifications in the kidney were 
found especially in chronic glomerulonephritis and primary sclerosis. The cal- 
^cium can be found in the form of stones in cortical cysts, granules in hyalinized 
glomeruli, deposits in normal glomeruli and deposits in the arterial wdl. The 
author believes that the majority of these calcium deposits are a sign of disturbed 
elimination of the calcium through the tubular epithelium. -p. pr, 


Experimental Production of Endometriosis. C. R. Fumagalli, Riv. di pat. 
sper. 6:154, 1931. 

The three theories of the origin of endometriosis are discussed. The object in 
the experiments has been to test the theory of the endometrial origin. The endo- 
metrium of an amputated end of the uterus of the dog was transplanted in the 
ovaries and disseminated over the peritoneum. It was found that the endometrial 
cells can attach themselves easily and form growths of the general structure seen 
in human endometriomas. t- tt 


Pathologic Anatomy of Tuberculosis in Children. H. Kudlich, Beitr z 
Klin. d. Tuberk. 75:575, 1930. 

In Ghon’s institute, in the years from 1926 to 1929, autopsies were performed 
on 136 children with tuberculosis. In 90 per cent of these cases, the primary 
infection occurred by way of the lungs. In 2.5 per cent there was a primary intes- 
tinal infection. In a girl, 6 years old, a partly calcified subpleural nodule was 
found, which had the appearance of a primary focus, but no lesion could be found 
in the regional lymph nodes. Microscopic examination showed that this nodule 
was not caused by tubercle bacilli, but by an unidentified parasite. Two cases with 
typical primary foci showed no h^mphoglandular component (“rudimentary primary 
complex”). The localization of the primary foci was in general the same as 
described by Ghon. About one fourth of all primary foci showed excavation; this 
was noted in half of all infants. It is emphasized again that all primary pulmonary 
foci are exudative lesions, and that all evidence favors Ghon’s opinion that the 
causative bacilli reach the alveoli by the respiratory tubules, and not by the blood 
or by the lymph stream. In 49 of the 136 children with tuberculous lesions tuber- 
culosis was not the cause of death. Chronic, isolated phthisis (the adult tvpe) 
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was found in 4 children (ages months, 12 and 13 years). Seventy-four 
of the bodies revealed hematogenous propagation; 54 of these children had died 
of tuberculous meningitis. Six cases of so-called “endogenous lymphoglandular 
reinfection” are described in some detail. Max Pinner 


Apical Pleural Indurations. C. Bohne, Beitr. z. Klin. d. Tuberk. 76:164, 1930. 

Apical pleural indurations can be differentiated macroscopically into three 
groups: ( 1 ) diffuse adhesive apical pleuritis, ( 2 ) localized adhesive pleural scar 
and (3) cartilage-like induration of the apical pleura. Histologic examinations 
showed that in the first variety small tuberculous foci are found in the thickened 
pleura. The subpleural tissue shows usually tuberculous processes, either scarred 
or active. This t 3 'pe was found in 10.1 per cent of the cases. The second type 
is usually seen in the area of the apical or subapical bronchiolus. The underlying 
pulmonary parenchyma usually shows anthracotic scars. These reveal micro- 
scopically either a t 3 'pical Puhl focus or a caseous bronchitis. In the majority of 
these cases, however, the parenchyma shows only a hyaline scar in which no spe- 
cific alterations are seen. This type of lesion was seen in 31.8 per cent of the 
cases. The third type is a hyalinized induration of the visceral pleura without 
involvement of the parietal pleura. The underlying pulmonar 3 ' tissue is collapsed 
and anthracotic. Tuberculous foci are absent. The frequency of nontuberculous 
pleural indurations is emphasized. Max Pinner 


A Rare Diaphragmatic Anomaly. W. Putschar, Centralbl. f. allg. Path. u. 
path. Anat. 50:97, 1930. 

A combination of diaphragmatic fenestration and hernia is reported in the 
body of a new-born girl. The right half of the diaphragm was normal ; the left 
was partially absent in the anterior part and allowed herniation of the left lobe 
of the liver, stomach, tail of the pancreas, spleen and large and small bowel into 
the left pleural cavit 3 ', in part covered by thin diaphragm. Instead of the usual 
arrangement, in which all muscle strands in the diaphragm radiate to the central 
tendon, the only well developed muscle band in this body ran from the ribs to the 
vertebral column. Anterior to this band the left leaf of the diaphragm was thin 
and fenestrated, with muscle bundles occasionally in evidence; dorsal to this band 
the diaphragm was composed only of fused pleura and peritoneum. In addition 
to the aforementioned anomalies there were a mobile duodenum, a common 
mesenter 3 ' for the small and large bowel and at 3 '’pical peritoneal bands between 
the undersurface of the liver and the right kidne 3 ', and between the duodenum, 
cecum and appendix. Rukstinat. 

Fatty Changes in the Pulmonary Veins. R. Prevot, Centralbl. f. allg. Path, 
u, path. Anat. 50:305, 1931. 

Marked fatty changes in the pulmonary veins were found in eight and moderate 
fatty changes in thirty of sixty bodies, ranging in age from 4 months to 86 years. 
The changes were classified as occurring in elastic or nonelastic tissues, and those 
occurring in elastic tissues were predominant. A possible etiologic relationship 
was investigated in acute and chronic pulmonary, renal, cardiac and vascular dis- 
ease. The only disease seeming to bear such a constant relationship ivas sclerosis 
of the pulmonary arteries. Rukstinat. 

A Pericardial Diverticulum. H. P. Ypsilanti, Centralbl. f. allg. Path. u. path. 
Anat. 50:417, 1931. 

A pericardial diverticulum 9 by 3 by 1 cm., communicating with the pericardial 
sac through an opening 0.5 cm. in diameter, was found 2 cm. below the mouth of 
the inferior vena cava, in the 6063 ”^ of a 34 year old man who had died of pul- 
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monary tuberculosis. An acute pericarditis was present in both the main portion 
of the sac and the diverticulum. There were no adhesions to indicate traction 
as a factor in the production of this condition. George Rukstinat. 


Two Gallbladders in One Person. A. J. Strukow, Centralbl. f. allg. Path. .u. 
path. Anat. 50:420, 1931. 

Two gallbladders, each 5 cm. long, were found attached to the liver of a 14 
months old child who had died of scarlet fever. The cystic duct of the right 
bladder was 1 cm. long ; that of the left, 1.5 cm. long. The openings of these into 
the common bile duct were 1 cm. apart. The cystic artery divided into a branch 
for each bladder at the level of its neck. No other abnormalities were found 
in the body. • George Rukstinat. 


Four Extrasellar Hypophyseal Tumors. E. Dear, Centralbl. f. allg. Path. u. 
path. Anat. 51:1, 1931. 

Deak examined four hypophyseal tumors, which varied in size from that of a 
pigeon’s egg to that of a hen’s egg. These were highly cellular, the cells resemb- 
ling the chief variety seen in the hypophysis. Graz, where the aforementioned 
material was obtained, is notorious for its endemic goiter. The author is of the 
opinion that a thyroid gland insufficiency might lead to hypophyseal hyperplasia. 
In only one of the bodies examined was a goiter present. George Rukstinat 


Ruptured Aneurysm of the Ductus Arteriosus. A. Guggenheim, Frank- 
furt. Ztschr. f. Path. 40:436, 1930. 

A case of ruptured aneurysm is reported in a girl 20 months of age. The 
aneurysm had ruptured into the lower lobe of the left lung and into the left pleural 
cavity. In addition, the case revealed an empyema of the left knee joint. Histo- 
logically, the ductus arteriosus in the region of the rupture revealed a hemorrhage 
of the intima in several places. The intima was thickened, and the media was 
markedly fibrosed. The point of rupture could be demonstrated in an area 2 mm. 
distant from the aorta. The author states that, on account of the emp 3 'ema of 
the knee joint, it is possible that this is a case of mj’^cotic aneurysm, even though 
the inflammatory changes in the wall of the ductus arteriosus were very slight. 
Streptococci could be cultivated from the pus of the knee and from the spleen. 

O. Saphir. 

Two Cases of Cysts of the Pancreas. T. Reeke, Frankfurt. Ztschr. f. Path. 
40:444, 1930. 

The first case reported was one of cystoma of the pancreas. It was found 
incidentally in a woman 76 years of age; it measured 1.5 by 2.4 cm. Micro- 
scopically, several small cysts were found, some of which had fused. The C 3 'Sts 
were lined by one layer of flat epithelial cells. There was no evidence of malig- 
nancy. The tumor was well encapsulated. The second case was that of a woman 
of 54 with a cyst of the pancreas, the size of a child’s head. The content of the 
cyst consisted of partly liquid, partly clotted, blood, with much necrotic tissue. 
The floor of the cyst was formed by necrotic pancreatic tissue. The cyst is 
interpreted as a pseudocyst, occurring in a pancreas that was the seat of an acute 
hemorrhagic pancreatitis. ^ _ 

u. Saphir. 

Interstitial Pneumonia. L. Honecker, Frankfurt. Ztschr. f Path 40*477 
1930. ■ • * > 

A case of interstitial pneumonia is reported in a man, aged 59. The diagnosis 
v^s lobar pneumonia involving the right lung. At autopsy, 800 cc. of a yellowish 
fibrinous -fluid was found in the right pleural cavity. Formaldehyde was injected 
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into the lungs before they were opened. On section, the septums were found to be 
larger than normal and yellow, and thej'^ showed some pus, especially in the lower 
lobe. Microscopically, the septums were broad and contained dense polymorpho- 
nuclear leukocytic infiltrations. The lymph spaces were markedly dilated and filled 
with polymorphonuclear leukocytes. In some portions, the alveoli contained an 
edematous liquid, polymorphonuclear leukocytes, red blood cells and desquamated 
cells. There also were several abscesses. Streptococci were found in sections taken 
from the right lung. The opinion is expressed tliat streptococci arc the specific 
cause of interstitial pneumonia. q s^^puju 

Multiple Tuberous Osteomas of the Lung. S. M. Derisciianoff, Frank- 
furt. Ztschr. f. Path. 40:485, 1930. 

A case of osteomas of the lung is reported in a man, aged 21. There was also 
a chronic endocarditis of the mitral valve with insufficiency of the valve and 
stenosis of its orifice. Multiple emboli were found in the branches of the pulmonary 
arteries. The lungs revealed many well circumscribed nodules, the size of peas, 
which could easil}' be shelled out. They were white and of bony consistenc}'. 
Histologicall}', they consisted of typical bone structures with marrow spaces and 
haversian canaliculi. The author believes that the osteomas were the result of an 
organized pneumonia from which the patient had suffered four j^ears previously. 

O. Saphir. 

Contraction of the Suprarenal Glands and Atrophy of the Testes. 

E. Guntz, Frankfurt. Ztschr. f. Patli. 40:490, 1930. 

A case of Addison’s disease is described. It presented a clinical picture of a 
paratyphoid infection, and at autopsy showed a cytotoxic contraction of the 
suprarenal glands. It also showed a marked atrophy of the testes in which the 
interstitial cells were markedly decreased. The attempt is made to correlate the 
changes in the suprarenal cortex with those in the testes. The author believes that 
the atrophy of the testes followed the changes in the suprarenal cortex. It is 
possible that the hypophysis, which was not examined histologically, plaj’ed a 
contributory role in causing the atrophy of the testes. As an example of a 
relationship between changes in the endocrine glands, an additional case of 
hypophyseal cachexia (Simniond’s disease) is briefly reported. q 

Aortitis Thrombotica. L. Desclin, Frankfurt. Ztschr. f. Path. 40:520, 1930. 

Seven cases of aortitis thrombotica are reported. The inflammatorj'- process 
may reach the aorta from contiguous organs or tissues, or the aortitis may be 
the result of an acute vegetative endocarditis of, the aortic valve. In the latter 
case, the infectious material may reach the aortic intima either by direct extension 
from the valvular endocardium or by an implantation on the aortic intima. It is 
also possible that broken, loose vegetations are carried by the blood stream directl}' 
to remote portions of the aortic intima or reach the aorta indirectly by means of 
the vasa vasorum and thus produce an aortitis. It is also conceivable that another 
primary focus of infection, aside from the endocarditis, might constitute the source 
of infectious emboli, which occasionally might lodge in the vasa vasorum. The 
author also believes that an aortitis sometimes is the primary lesion, as is an 
endocarditis! In the individual case, it is often impossible to establish the exact 
patliogenesis of the aortitis. q 


Malformation of the Brain with Hydrocephalus and Porencephalus. 
I. Wertkin, Frankfurt. Ztschr. f. Path. 40:571, 1930. 

A case of malformation of the brain is reported in a boy, aged 15 weeks. The 
largest portion of the cerebrum was replaced b}' a clear liquid. Onh' the lower 
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and posterior portions of the left hemisphere were present. The right hemisphere 
was almost completely converted into a saclike cavity filled with a clear liquid. 
The corpus callosum was not present. The anterior portions of the left hemisphere 
showed outspoken microgyria. In the region of the boundaries between the right 
temporal, occipital and parietal lobes there was a depressed area measuring from 
2 to 3 mm. in diameter, from which the sulci and gyri radiated in various direc- 
tions. The corpora quadragemina and the sjdvian aqueduct were partly absent. 
The fourth ventricle was not dilated. The superior vermis of the cerebellum was 
not present. The branches of the vessels ran superficially and did not extend into 
the fissures. There were two central canals found in the region of the medulla 
oblongata. The hydrocephalus is explained on the basis of an atresia of the sylvian 
aqueduct. The various possibilities leading to these malformations are discussed. 

O. Saphir. 

Hemorrhagic Diathesis. P. Morowitz, Verhandl. d. deutsch. path. Gesellsch. 
25 : 32 , 1930 . 

The author’s conclusions as to the hemorrhagic diathesis are drawn from 
clinical, anatomic and experimental investigations. Essentially these conclusions 
are that hemorrhagic diathesis results from changes in the walls of blood vessels, 
either by infections or by toxic, hormonal or nervous mechanisms, and that platelets 
play a minor role. 

Hemophilia. — The prolonged coagulation time in hemophilia is not sufficient to 
explain the hemorrhagic tendency, for animals given injections of hirudin, by 
which the coagulation time is prolonged, bleed only from wounds, and not spon- 
taneously. The author believes that the disease is associated with a vasomotor 
disturbance. There are no definite pathologic anatomic changes in hemophilia. 

Thrombocytopenia. — The belief that in thrombocytopenia the giant cells of the 
bone marrow are sufficient in number, but defective, does not harmonize with the 
fact that animals poor in platelets and fibrinogen do not show hemorrhagic mani- 
festations. The role of the spleen has not yet been fully determined, since in many 
instances the removal of the spleen does not end the bleeding. The importance 
of the vascular changes has stimulated the invention of an instrument by which 
vascular changes and the formation of thrombi can be studied in the circulating 
blood. This is called a thrombometer (Jurgens). 

Scurvy. — The infectious nature of scurvy following a deficiency of vitamins is 
considered as the probable underlying factor and not a decrease in the cement 
substance, as described by Aschoff and Koch, because no endothelium is found 
loose in the blood, while anatomic changes are found in the blood vessels. 

Schonlcin-Hcnoch Purpura. — In Schdnlein-Henoch purpura, an urticarial erup- 
tion that comes out in crops is followed by hemorrhagic extravasations in these 
areas. This is believed to be due to a toxic action on the endothelium or to 
anaphylaxis (Ganzmann). The S 3 'mmetry in which these lesions sometimes occur 
suggests a central origin by the way of the vasomotor system. From then on 
one has capillary dilatation, stasis, exudation and bleeding. 

Sol Roy Rosenthal. 

Essential Thrombopenia. Schmincke, Verhandl. d. deutsch. path Gesellsch 
25 : 50 , 1930 . 

A case of essential thrombopenia is reported, in which the number of mega- 
karyocytes in the bone marrow was markedly diminished, in spite of active 
granulopoiesis and erythropoiesis. In the spleen were giant cells derived from 
the reticulum cells. The giant cells are regarded as compensatory for the deficiency 
in the bone marrow. The underlying cause is believed to be a .disturbance of the 
giant cells in the bone marrow (with decrease in the formation of platelets) 
rather than a destruction of the platelets in the spleen. 

Sol Roy Rosenthal. 
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Anatomic Changes in Agranulocytosis. W. Koch, Verhandl. d. deutsch. 
path. Gesellsch. 25:53, 1930. 

Agranulocytosis, first described as a clinical entity by Werner Schultz, occurs 
usually in women between 30 and 60 years of age. The attack is accompanied 
by high fever and icterus and at times by herpes. Angina sets in, which may 
go on to gangrene and paratonsillitis. The lymph follicles of the pharynx, the 
base of the tongue, the epiglottis, the larynx, the gums and the uvula enlarge 
and may suffer necrosis. The lymph nodes of the cervical and maxillary groups 
may swell. Necrotic conjunctivitis, gangrenous colpitis, vulvitis and proctitis may 
develop, as well as vesicles, papules and erysipeloid lesions of the skin. Diarrhea 
results from the intestinal ulcerations. The liver and the spleen are usually 
enlarged. Hemorrhagic diathesis is not common. The blood shows a marked 
decrease in the number of the white cells, the highest count being rarely over 1,800 
per cubic millimeter. Mainly lymphocytes and monocytes are present. The blood 
platelets are normal. The red blood corpuscles are not reduced in number. Bac- 
teriologic examination has yielded no specific organism. Death usually follows 
hemorrhagic bronchopneumonia or pulmonary gangrene. In 7,000 autopsies the 
author fo.und 22 cases of agranulocytosis. Ulcerated and necrotic lesions were found 
involving all the mucous membranes, and in many instances thrush was present. 
These changes were probably all secondary. Necrotic foci, usually perivascular, 
were also noted in the liver, spleen and bone marrow. The striking feature is the 
paucity of reactive cellular elements. A few lymphocytes and monocytes are found, 
but no leukocytes. The etiologic factor is considered to be a cryptogenic infection, 
which is unrecognized because of lack of fever, or a toxin perhaps derived from the 
intestine. These bacteria or toxins destroy the leukocytes, which predisposes the 
body to secondary infection. With this complication, fever and the acute toxic 
state set in. The ulcerated and necrotic character of the lesions is due to the 
lack of response of the body, especially of the granulocytes. 

Sol Roy Rosenthal. 

Acute Aleukemic “Reticulosis.” K. Terplan, Verhandl. d. deutsch. path. 
Gesellsch. 25:69, 1930. 

“Reticulosis or reticulo-cndotheliosis” is defined as a disease of the blood in 
which the reticulum cells of the liver, spleen, b'lnph glands and bone marrow 
proliferate to a marked degree. The reticulo-endothelium of the other organs may 
also proliferate. These changes are usually associated with a relative or absolute 
increase in the number of the monocytes or monoblasts (reticulo-endothelial cells) 
of the blood. Rarely an aleukemic form exists in which there are no characteristic 
changes in the blood. The author holds this to be an infectious disease, as the 
patients are septic, have high temperatures and die within a short period of time 
(eight weeks). The course is similar to that of acute leukemia. The author 
describes a case of an aleukemic reticulosis in a 1 year old child,* a high tempera- 
ture developed suddenly with generalized lymphadenopathy, anemia, hemorrhages 
into the skin and necrotic angina. Death occurred ten days after the onset. The 
blood was normal, except for the anemia. At autopsy there were a general enlarge- 
ment of the lymph nodes and of the liver and pneumococcal foci in the lung. Micro- 
scopically, there was marked proliferation of the reticulo-endothelium in the lymph 
glands, the lung and the heart. The liver and the myocardium showed interstitial 
inflammatory changes. The histologic picture was very similar to that of typhoid 
fever because of the presence of large swollen histiocytic cells. 

Sol Roy Rosenthal. 

On the Origin of So-Called Polyblasts. G. Seemann, Verhandl. d. deutsch. 
path. Gesellsch. 25:77, 1930.’ 

By vital staining of the loose connective tissue in rats with neutral red and 
janus green, the author demonstrates that the local histiocytes and fibrocytes are 
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two distinct types of cells. The former is plump and contains many coarse, neutral 
red-staining- granules, while the latter is spindle-shaped with a few finely granular 
red elements. On injection of a peptone broth, a reaction is set up in the connective 
tissue, and in from three to five hours there is an infiltration by granulocytes and 
round cells. The latter are not lymphocytes, but monocytes or monocytoid cells, 
derived from the blood stream. After from six to eight hours the local histiocytes 
proliferate, while the local fibrocjhes and endothelial cells are inactive. The author 
concludes tlmt the polyblasts of Maximow have two origins : that from the local 
histiocytes and that from the monocytes of the blood. He does not believe that 
lymphoc 3 dic cells produce polyblasts, but that what Maximow called lymphoblasts 
were really monocjhoid cells, and that the latter, not the former, are the stem cell. 

Sol Roy Rosenthal. 

Microbiology and Parasitology 

Actinomycosis Starting as Appendicitis with Extensive Visceral 
Involvement. George M. Robson, Am. J. M. Sc. 181:692, 1931. 

Two cases of actinom 3 'cosis of the liver and lungs are reported. Both followed 
operations for appendicitis ; in each there developed a discharging abdominal sinus, 
symptoms in the upper abdominal region and severe pulmonar 3 ’^ suppuration. In 
one case there was a generalized dissemination by the blood stream, with additional 
lesions in the brain, spleen and kidneys. The diagnoses were not made during life, 
principally because the ray fungi were not found in the discharges. 

Author’s Summary. 

Native Infestation with Diphyllobothrium latum (Fish Tapeworm). 
I. Pilot and I. M. Levin, Am. J. M. Sc. 181:710, 1931. 

Five cases of native infestation by Diphyllobothrium latum are reported in 
children. All of our patients were Jews; twenty-one of twenty-six cases of 
native infestations collected from recent literature occurred in children from 3 
to IS years of age ; sixteen of the twenty-one were Jews. Infestation in three 
of our cases occurred from sampling the raw fish while it was being prepared 
into “gefiillte fish.” The other two probably developed from improperly cooked 

. Authors’ Summary. 

Leptospira Icterohemorrh.vgiae in Wild Rats About San Francisco 
Bay. j. R. Ridlon, Pub. Health Rep. 46:1, 1931. 

In the kidneys of wild rats from cities on San Francisco Ba 3 ', spirochetes 
were found that apparently conform to the descriptions of Leptospira ictero- 
haemorrhagiae. Guinea-pigs were inoculated with material from the kidneys of 
rats harboring the organisms and died, showing fever and jaundice of the eyes 
and skin before death. At autopsy they showed subcutaneous jaundice and hem- 
orrhages of subcutaneous tissues and internal organs, which are the gross patho- 
logic changes described by several writers as typical of infection with Leptospira 
icterohaemorrhagiae. The organisms were found in the internal organs and urine 
of infected guinea-pigs. Positive cultures were obtained. Guinea-pigs were 
infected by injection of the positive cultures. The disease was carried over in 
successive inoculations of guinea-pigs, both by injections of original rat material 
and by injections of cultures. Author’s Summary. 

The Occurrence of Intranuclear Inclusions in the Nerve Cells in 
Poliomyelitis. E. W. Hurst, J. Path. & Bact. 34:331, 1931. 

The bodies described are probabb-^ nuclear inclusions of the same order as those 
in herpetic encephalitis, Borna’s disease, etc.; they are, however, much less 
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numerous, smaller and more difficult to stain electively than these other inclusions. 
They can be distinguished from the acidophilic masses normally present by their 
greater sharpness of outline and their more solid appearance and by the fact that 
under conditions leading to their appearance the acidophilic coagulum is wanting 
in whole or in large part. Their paucity and the limited time during which they 
can be found do not favor a study of their evolution, but it seems possible that 
they may represent a nuclear reaction to the attack of the virus. It is known 
that after intracerebral inoculation the virus does not reach the cord, at least in 
detectable amount, until immediately before the onset of paralysis (Fairbrother 
and Hurst, 1930) ; the bodies have never been found during the incubation period. 
They occur always in damaged cells but, on the other hand, they have not been 
seen in completely necrotic cells. In the poliomyelitis of monkeys, a considerable 
proportion of the anterior horn cells undergo complete necrosis within a few hours 
of the onset and do not necessarily pass through a phase of degeneration in which 
the bodies are present ; indeed, the latter may develop only in cells possessing rather 
more power of resistance to the virus and which consequently degenerate more 
slowly. However this may be, they have not been seen in markedly degenerate 
cells in the cords of rabid monkeys or in a series of other pathologic and normal 
tissues. Similar bodies were present in the onl}' human case examined, and as 
far as this limited evidence goes, the\' appear to be characteristic of the disease. 

Author’s SumxMary. 

Silent Typhus Infection. W. Barykine, S. Minervine and A. Kompaneez, 
Arch. Inst. Pasteur de Tunis 19:422, 1930. 

Epidemiologically, silent tj'phus infection is as important as the type in which 
symptoms appear. The silent infection may be seen in those who have and in 
those who have not been previously infected. This type of the disease may be 
suspected from an increase in the Weil-Felix reaction, but may be proved only 
by inoculating guinea-pigs with the blood of the patient. 


Inoculation with Bacterium Granulosis. Charles Weiss, Arch. Inst. 
Pasteur de Tunis 19:433, 1930. 

Two strains apparently of Bacterium granulosis were isolated by Noguchi’s 
methods and inoculated into the eyes of monkeys. In two weeks flaky granula- 
tions were noted, and conjunctivitis with marked redness and edema of the 
eyelids. This condition was maintained for several weeks, after which recovery 
occurred slowly. The original Noguchi strain was inoculated into three human 
volunteers and one monkey, but no reaction was observed. 

M. S. Marshall. 

Spontaneous Tuberculosis in Domestic Animals with Reference to 
Ranke's Teaching. K. Nieberle, Beitr. z. Klin. d. Tuberk. 75:179, 1930. 

The essential thesis of this paper is that Ranke’s teachings are fully confirmed 
by studies on the spontaneous tuberculosis of domesticated animals. 

Max Pinner. 

Studies on Tuberculous Liquefaction. W. Pagel, Beitr. z. Klin. d. Tuberk. 
76:414, 1931. 

Tuberculous liquefaction can start without the aid of cells and inflammator}' 
processes; it may be caused by hydration of the focus or by the so-called liquor 
diapedesis (Ricker) from blood vessels. In the incipient stage of liquefaction, 
macrophages and histiocytes, and not polj'morphonudears, are prominent. Tubercle 
bacilli, in some instances, become visible onlj'- after the incipient stage is passed. 
Liquefaction and caseation are separate processes ; the former supersedes the 
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latter as a new development. Secondary organisms do not pla}-^ a causative role in 
liquefaction. In experiments on animals it was shown that specific allergy is an 
essential factor in the causation of liquefaction. By irradiating a focus of first 
infection it is possible to simulate to a lesser degree the allergic tissue reaction. 
Three t 3 'pes of liquefaction ma}'- be distinguished: (1) liquefaction in attenuated 
and prolonged infection, (2) allergic liquefaction and (3) nonspecifically 
stimulated liquefaction. Mas. Pinner. 


The Late Tuberculqus Primary Compeex in Adults. E. Ragnatti, Beitr. z. 

Klin. d. Tuberk. 76:459, 1931. 

A tuberculous primarj" infection may be acquired at anj" age; its occurrence 
after puberty, however, is rare. In 4,000 consecutive autopsies performed on 
adults, there were 36 in which a recent primary complex was found. In 72 per 
cent it was an aerogenous focus ; in the remaining 28 per cent it was an intestinal 
focus. In all aerogenous foci the regional lymph nodes were characteristically 
involved. In everj' detail, primary complexes arising in adults have the same 
characteristics as those arising in children. Max Pinner 


Tubercle Bacilli in the Blood in Laryngeal Tuberculosis. E. Wessely 
and E. Lowenstein, Beitr. z. Klin. d. Tuberk. 76:647, 1931. 

The recent method of Lowenstein for the isolation of tubercle bacilli from 
the blood was used. Of forty-seven patients with laryngeal tuberculosis, twenty- 
six jdelded tubercle bacilli from the blood (only one examination for each patient). 

Max Pinner. 


Chemical Differentiation of Hemolytic and Nonhemolytic Strepto- 
cocci. L. Aviles, Ztschr. f. Immunitatsforch. u. exper. Therap. 69:433, 
1931. 

By means of the berlin blue reaction, it could be shown that hemolysis by 
certain streptococci maj-^ be due to destruction of hemoglobin in the bodies of the 
streptococci, because the colony itself became blue, while the hemolytic zone was 
unchanged. In the case of nonhemolytic streptococci, on the other hand, the 
colony itself remained white, while a blue zone due to the liberation of inorganic 
iron developed around the colony. This difference was marked on chocolate agar 
plates, more so on plates made with human blood than on plates made with 
beef or sheep blood. 


Gas-Forming Variants of the Typhoid Bacillus. C. Sonnenschein, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 69:454, 1931. 

The claims that the typhoid bacillus may develop gas-forming variants could 
not be substantiated. 


Peroral Infection of Guinea-Pigs in Tubercle Bacilli. J. Orskov and 
K. A. Jensen, Ztschr. f. Immunitatsforsch. u. exper. Therap. 70:146, 1931. 

Following oral introduction of virulent tubercle bacilli, infection develops step 
by step by way of the lymphatics and lymph nodes. The first localization is in 
the regional lymph nodes. 


Cultivation of Tubercle Bacilli from the Blood According to Lowen- 
stein. A. Fischer, Ztschr. f. Tuberk. 58:331, 1930. 

Seventy-seven specimens of blood from tuberculous patients in various stages 
of the disease were cultured, according to the recently published technic of Lowen- 
stein, and from thirty-one of them tubercle bacilli were obtained in pure culture. 

Max Pinner. 
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The Filtrable Elements of the Tuberculosis Virus. A. Calmette and 
J. Valtis, Ztschr. f. Tuberk. 58:402, 1930. 

Filtrates from young cultures of the tubercle bacillus, from tuberculous organs 
or from excreta cause, after subcutaneous injection, lymphoglandular swellings 
in guinea-pigs. The involved nodes that do not show tuberculous lesions contain 
few acid-fast rods and granules (from three days to eight weeks after the injec- 
tion). Such nodes produce, after a few direct animal transfers, typical tuber- 
culous lesions. These filtrable elements are capable of passing through the 
placenta both in experimental animals and in human beings. The filtrable virus 
can be cultivated in vitro, and under this condition its development into typical 
tubercle bacilli can be observed. Transplants of the virus have been unsuccessful 
as yet. The filtrable virus can be demonstrated most readily by injecting it 
directly into l 3 -mph nodes or into the spinal canal. The authors conclude that 
the disease tuberculosis, characterized by specific changes in the tissues and by 
the presence of tubercle bacilli, is onh' the chronic end-stage of an infection 
caused by the filtrable virus, which per se does not produce tubercles, but which 
maj'^ exert marked toxic influences. This virus is considered the etiologic agent 
in such diseases as purpura rheumatica, erythema nodosum, sarcoids, papulo- 
necrotic tuberculids, t 3 'phobacillosis Landouzy and the “granulemie” (i. e., miliary 
tuberculosis). It is suggested that all diseases caused by the filtrable virus be 
called “prebacillar 3 ' granulemia,” and those caused by true tubercle bacilli, 

Max Pinner. 

Secondary Colonies, Autolysis and 'Lysis in Cultures of Tubercle 
Bacillus. E. A. Schnieder, Ztschr. f. Tuberk. 59:18, 1930. 

In culturing tubercle bacilli the formation of secondary colonies and lytic 
phenomena can be observed in a similar way as with other micro-organisms. 
Secondary colonies and lysis appear to be closely related occurrences; they are 
both enhanced by unfavorable mediums. Max Pinner 


A Tuberculous Primary Focus with Atypical Histologic Structure. 
M. Pinner, Ztschr. f. Tuberk. 59:130, 1930. 

A primar 3 '^ tuberculous focus in the lung is described that showed, in addition 
to the usual t 3 'pe of encapsulation, the formation of a diffuse intra-alveolar con- 


nective tissue. 


Max Pinner. 


Experimental Tuberculosis. W. A. Lubarski and A. F. Korschinskaja, 
Ztschr. f. Tuberk. 59:252, 1931. 

Following intravenous injection of tubercle bacilli into the rabbit, the lungs 
show the most massive involvement. After subcutaneous injection of tubercle 
bacilli into the guinea-pig, the lungs and spleen are mostb" involved. The number 
of tubercle bacilli is largest in the lungs, and considerably less in the spleen and 
liver. Tubercle bacilli must be destro 3 'ed in the organs. This destruction is most 
marked in the liver. The organs of white mice have the greatest capacity to 
destroy tubercle bacilli. In pure cultures from organs of infected animals, three 
different t 3 ^pes of colonies are observed. Max Pinner 


Hohn’s Medium and Thick Seeding of Sedijient. L. Frankl, Ztschr. f. 
Tuberk. 59:262, 1931. 

When the sediment is seeded thickly on Hohn’s medium, tubercle bacilli are 
demonstrable in about 50 per cent of the positive cases within the first few da 3 'S, 
while after thin seeding the first colonies become visible only after from eight 


to thirty da 3 's. 


Max Pinner. 
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The Significance of the Silicic Acid Content of the Blood in Tuber- 
culous Patients. R. H. Kranzfelder, Ztschr. f. Tuberk. 59:398, 1931. 

The amount of silicic acid in normal persons (twenty- three) is 16 mg. per 
hundred cubic centimeter of blood; within four months the variations observed 
were less than 4 per cent. In tuberculous patients the values are, on the average, 
,18 per cent higher. The silicic acid content of the blood increases readily after 
administration by inhalation; it may increase more than the amount administered 
explains. Patients with high silicic acid content (without previous administra- 
tions) have, in general, a poorer prognosis than patients with lower values. 

Max Pinner. 


The Relation of Cell Granules to Phagocytosis of Bacteria. H. 

Hazato, Jap. J. Exper. Med. 9:67, 1931. 

Bacteria taken up and digested in histiocytes are regularly included in neutral 
red granules or vacuoles, in which they undergo digestion. When neutral red 
granules or vacuoles have previously been impregnated with sepia or carmine 
the majority of phagocytosed bacteria are capable of finding their way into the 
preformed sepia or carmine granules or vacuoles to be digested therein, but never 
into degenerative ones. When a histiocyte phagocytoses and digests bacteria, the 
neutral red granules or vacuoles, as well as the fat-droplets or lipin of the cell, 
show a gradual increase in number and in size, and the celk itself is correspond- 
ingly enlarged. With the distinct increase in number and in size of the neutral 
red granules or vacuoles, there is a gradual decrease of the number of mito- 
chondria. At this stage the mitochondria of the histiocyte show a greater degree 
of osmic reaction than normal. Author’s Summary. 


Rickettsia Orientalis, the Cause of Tsutsugamushi Disease. M. Nagayo 
and others, Jap. J. Exper. Med. 9:87, 1931. 

When the virus of Tsutsugamushi disease is introduced into the anterior cham- 
ber of the eye in rabbits and other animals it causes a peculiar lesion, one. of the 
characteristics of which is the accumulation of minute organisms in the endo- 
thelial cells of Descemet’s membrane. These organisms correspond to those found 
in patients suffering from the disease and in experimentally infected animals. 
The infected endothelial cells carry the infection with them when introduced into 
other animals. In cultures of the cells in vitro, the micro-organism, which is 
designated Rickettsia orientalis, proliferates freely. The article is illustrated with 
forty-seven figures, many in colors. 


Toxin of the Shiga Bacillus. H. ICawamura, Kitasato Arch. f. Exper. 

Med. 8:1, 1931. 

The specific dysentery toxin is produced within the bacillary bodies and 
released into the medium after the bacilli are dead. It is not a, > secreted toxin. 
The toxin weakens after a short time. The combining power of the toxin and 
the antitoxin increases with the increase in toxicity after the death of the bacilli 
and decreases as the toxin weakens. The toxin does not produce a true toxoid. 
A strong toxin can be developed in a peptone-free synthetic medium. A 0.5 per 
cent formaldeh 3 'de solution weakens the toxin. The bacilli treated with formal- 
dehyde retain their antigenic properties, but the autolysates treated with formal- 
dehyde have very weak antigenic power. When treated with toluene or phenol, 
the old preparations show no decrease in toxicity, but have little antigenic power. 
Toxin treated by heat at 80 C. or above and by hydrogen dioxide loses both 
toxicity and antigenic power. ^ 

Edna Delves. 
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The Etiology axd Pathogenesis of Actinomycosis. Carl Naeslund, 
Acta path, et microbiol. Scandinav., Supp. 6, 1931. 

The main outcome of the work recorded in the German language in this 
monograph of 150 pages is a well supported proposal to simplify and stabilize 
the nomenclature of actinomycosis and its agents. It is proposed to divide the 
pathogenic ray fungi (Actinomyces, Streptothrix, Nocardia, etc.) into two groups,, 
the anaerobic and aerobic, and to call the first group Actinomyces A and 
the corresponding diseases actinomycosis A, while the second group is called 
Actinom 3 'ces B and tlie corresponding diseases actinomycosis B. 


Immunology 

The Antigenic Peculiarities of Strains of Spirochaeta Pallidum. 
W. M. Aristousky and A. J. Wsorow, Ztsciir. f. Immunitatsforsch. u. 
exper. Therap. 69:351, 1931, 

Spirochaeta pallidum contains species-specific and type-specific antigens which, 
so to speak, compete with one another in their action on the organism. 

Anapitylactic Shock from Intracerebral Injection of Antigen. A. 
Schwarzmann, ^Ztschr. f. Immunitatsforsch. u. exper. Therap. 69:379, 1931. 

The shock after intracerebral injection of antigen into sensitized guinea-pigs 
is due to the passage of the antigen into the blood. The mechanism of the shock 
is the same as in intravenous injection of the antigen; it requires about four 
times as much antigen to produce shock on intracerebral injection of antigen as 
on intravenous. 

Protective Inoculation Against Epidemic Poliomyelitis. R. Kraus, 
Ztschr. f. Immunitatsforsch. u. exper. Therap. 69:424, 1931. 

Monkeys can be protected against experimental poliomj'elitis by injection of 
phenolvirus, which is obtained by adding from 1 to 1.5 per cent of phenol to 
emulsions of poliomyelitic virus and filtering through paper. The phenol kills 
the virus, or greatly reduces its virulence, without destrojdng its antigenic 
properties. 

The Heterogenetic Antigen of the Shiga Bacillus. K. Meyer, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 69:499, 1931. 

The heterogenetic antigen is more or less firmlj' united with the specific 
carbohydrate. 

Effects of Other Bacteria on the Resistance to Infection with Typhoid 
Bacilli. S. Nukada and S. Arifuku, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 70:1, 1931. 

In guinea-pigs immunization with certain bacteria, e. g., pneumococci, increases 
the resistance to fatal infection with typhoid bacilli, owing perhaps to alterations 
in the cells of the tissues. 

The Antigens of the Shiga Bacillus. M. Sisler, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 70:48, 1931. 

The carbohydrate from the Shiga bacillus acts as antigen only when it con- 
tains human blood antigen as well as the Forssman antigen. Such a carbohy- 
drate reacts only with serum against the Shiga bacillus that in addition to 
protein antibodies also contains heterogenetic antibodies. 

From Author’s Summary. 
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The Role of Alcohol-Soluble Constituents of Milk in Its Serologic 
Reactions. M. Dehio, Ztschr. f. Immunitatsforsch. u. exper. Therap. 70: 
58, 1931. 

immunizing rabbits with extract of milk in 50 per cent alcohol, an anti- 
serum was developed that reacted with the homologous antigen as well as with 
the native milk. Following treatment of rabbits with extract of milk, in 96 per 
cent alcohol antibodies did not develop, at least not regularl 3 L Aqueous and 
alcoholic solutions of sodium caseinate reacted with antimilk serum. The action 
of antimilk or anticasein serum on heterologous milk ma}" depend, at least in 
part, on the alcohol-soluble constituents in milk. 

From Author’s Summary. 

Action of Lysozyme on Micrococcus Lysodeikticus. O. Andersen, Ztschr. 
f. Immunitatsforsch. u. exper. Therap. 70:90, 1931. 

This article describes the results of studies of the action of lysozyme from egg- 
white on Micrococcus lysodeikticus, a sarcina. Pathogenic bacteria and animal 
cells are not subject to the action of lysozj'm. 


The Action of B C G. K. A. Jensen and J. Orskov, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 70:155, 1931. 

Following the oral introduction of B C G into guinea-pigs there was no gen- 
eral invasion of the Ij'mphatics by tubercle bacilli, but localization in the most 
peripheral parts of the regional lymphatic system. Does this process suffice to 
produce a fairly constant immunity? The results in animals indicate that the 
answer to this question is no. 


The Production and Purification of Tuberculin. E. Maschmann and 
E. Kuster, Ztschr. f. Tuberk. 59:225, 1931. 

Sauton’s protein-free medium is very suitable for the production of a potent 
tuberculin. Tuberculin prepared with Sauton’s medium shows reactions that are 
characteristic for proteins and carbohydrates. The specifically active substance 
diffuses easily through animal membranes. By acidifying the tuberculin before 
or after dialysis, high knolecular proteins are removed without diminishing 
noticeably the potency of the tuberculin. The specific substance is easily adsorbed 
by kaolin, particularly in acid reaction. The adsorbed tuberculin can be liberated 
from the kaolin bj' very dilute ammonia; the yield is good and constant. By 
this process the strength of the tuberculin is increased twenty-one times, com- 
pared with the original tuberculin. The finished products have a positive biuret 
and ninhydrin reaction ; some show a positive Millon reaction ; none show a 
tryptophan or Molisch reaction. For the specific action the following constit- 
uents are unnecessary : the carbohydrates, those proteins that are precipitated 
in acid solution and those proteins that produce a positive Millon and tryptophan 
reaction. It must be determined whether the specific factor is a polypeptide or 
whether it belongs in another chemical class. A pure carbohydrate was isolated 
that is identical with glycogen. 


The Protective Action of the BCG Vaccine. A. I. Togunowa, W. N. 
Archangelsky and S. L. Baidakowa, Ztschr. f. Tuberk. 59:425, 1931. 

Guinea-pigs and rabbits given subcutaneous injections of BCG vaccine at 
once develop a relative immunity against a later subcutaneous or intra-ocular 
infection with virulent bacilli. The duration of this immunity is dependent on 

the animal species and on technical detail. ,, 

Max Pinner. 
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Tumors 

The Origin and Nature of Meningeal Tumors. P. Bailey and P. C. Bucy, 
Am. J. Cancer 15:15, 1931. 

The authors are of the opinion that meningeal tumors, whatever their origin, 
are of the nature of connective tissue and are not gliomatous. This is in disaccord 
with the opinion of those who claim that the leptomeninx is of neuro-ectodermal 
origin. They found at least nine distinct histologic types of tumors arising in 
the meninges. The relationship of these tumors to each other is represented by 
them in a diagram. They further believe that the fibroblast is usually not the 
t 3 'pical cell of these tumors as it is claimed b 3 ' Mallory and Penficld. 

B. M. Fried. 

Malignant Mixed Tumors of the Thyroid Gland with Skeletal Muscle 
Fibers. Edwin F. Hirsch, Am. J. Cancer 15:55, 1931. 

A malignant tumor of the thyroid gland and its metastasis in many of the 
visceral tissues of the body contained embr 3 'onal skeletal muscle fibers, undiffer- 
entiated cells and large fused-cell aggregates. Some of the fused-cell aggregates 
contained hyaline masses with the staining qualities of thyroid colloid. These cell 
masses, however, were not identified conclusivel 3 ' as abortive th 3 Toid acini, although 
some resembled such structures closely. Author’s Summary. 


A Statistical Study of the Occurrence of Spontaneous Tumors in a 
large Colony of R,\ts. M. R. Curtis, F. D. Bullock and W. F. 
Dunning, Am. J. Cancer 15:67, 1931. 


The article represents a detailed statistical anabasis of a large rat colony in 
respect to the occurrence of spontaneous neoplasms. 2 ^ Fried 


Embryonal Nephroma in the Chicken. F. D. McKenNey, Am. J. Cancer 
15:122, 1931. 


The two rare tumors reported belong to the group of neoplasms which, when 
found in human beings, are known as Wilms’ tumors. The tumors were growing 
within the kidney without having an 3 ' capsule and not being attached to the spinal 
column. No metastasis could be demonstrated, although the histologic picture of 
the new growths was that of malignant tumors. g 


Biochemical Studies of Malignant Conditions. Joseph H. Roe and 
Helen M. Dyer, Am. J, Cancer 15:125, 1931. 

Dextrose tolerance test showed a lowered carboh 3 "drate tolerance in a fowl 
bearing the Rous sarcoma no. 1. The reduced carbohydrate tolerance is probably 
secondar 3 ’- to changes produced in the organs regulating carboh 3 'drate metabolism, 
either by metastases or by toxemia due to the malignant growth. 

The glycogenolytic activity of the blood of hens in which the Rous sarcoma 
no. 1 had developed showed no variation from that of normal controls. 

The blood of a fowl bearing the Rous sarcoma no. 1 has a glycolytic activity 
about twice as great as that of a normal fowl. This is a primary change resulting 
apparently from an overflow into the blood stream of the gh'colytic enzyme, which 
Warburg showed to be in tumor tissue in greatly increased amounts. 

An examination of the glycolytic activity of the blood of sixteen patients with 
malignant tumors gave values within normal limits. The determination of the 
gl 3 ’’col 3 'tic activit 3 ^ of the blood is, therefore, of no clinical value in stud 3 dng 
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malignant conditions. The discrepancy between the glycolytic activity of the blood 
of hens with Rous sarcoma no. 1 and that of the blood of patients with malignant 
conditions is probably due to the greater ratio of tumor tissue to normal tissue 
in the fowl with the sarcoma. Authors’ Summary. 


The Influence of Extracts of Suprarenal Cortex on the Growth of 
Carcinoma, Sarcoma and Melanoma in Animals. K. Sugiura, Am. J. 
Cancer 15:129, 1931. 

The toxic action of extracts of suprarenal cortex of the sheep and cattle on 
the Flexner-Jobling rat carcinoma, the Sugiura rat sarcoma, the Bashford mouse 
carcinoma no. 63, a transplantable mouse melanoma and the Rous chicken sarcoma 
has been investigated. The author found that single or repeated subcutaneous or 
intramuscular injections of an alcoholic, ether, aqueous or glycerin extract of the 
cortical tissues has no apparent influence on the growth of transplanted tumors. 
Injection of choline solution or feeding with sodium nitrite chemicals known to 
cause a prompt fall of blood pressure failed to show any inhibiting effect on 
tumor growth. Extracts from the adenomatous growths of sheep suprarenal glands 
which are almost completely free from medullary tissue, produced no effect on 
the growth of neoplasms. The repeated subcutaneous injection of extracts of the 
suprarenal glands of sheep, of immune and normal young rats and of suckling 
rats does not affect the growth of rat and mouse carcinoma. Finally, fresh sheep 
suprarenal cortex or its extract failed to destroy cancer cells in vitro. 

B. M. Fried, 


Occupational Neoplastic Diseases. C. D. Haagensen, Am. J, Cancer 15:641, 
1931. 

Haagensen, in accord with other workers, found a high incidence of skin cancer 
among workers in gas works and petroleum refineries. He also found that occu- 
pational exposure to lubricating oil, as in the case of mechanics and machinists, 
predisposes to cancer of the external genitalia — a predilection as to anatomic site 
which seems best explained by the uncleanliness of these organs common in laborers. 
Likewise, an e.xcess of cutaneous cancer among outdoor workers affecting the face 
and the lip shows the importance of sunlight in the etiology of cutaneous cancer. 

Metastases occurred in 63 per cent of cases of occupational roentgen cancer, 
which suggests that this type of cancer is more malignant than some workers 
have reported it to be. The author could find no association between cancer of 
the lung and bladder with occupation. In general, occupational exposure is most 
likely only one of the multiple etiologic factors of cancer. g jyj- 


The Suprarenal and Tumor Growth. W. H. Woglom, Am. J. Cancer 15:704, 
1931. 


The suprarenal glands of rabbits that have been inoculated with carcinoma 
“63” or sarcoma “180” have no demonstrable inhibitory effect on the growth of 

these tumors in mice. ^ ^ 

B. M. Fried. 


The Influence of an Aqueous Extract of Suprarenal Cortex on the 
Growth of Carcinoma, Sarcoma and Melanoma in Animals. K. 
Sugiura, Am. J. Cancer 15:707, 1931. 

Repeated subcutaneous or intramuscular injections of aqueous extracts of sheep 
suprarenal cortex, which, were prepared according to the method described by 
Coffey and Humber, failed to retard or inhibit the proliferation of carcinoma 
sarcoma or melanoma cells. These tumors, whether young or old, grew normallv 
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and killed the hosts in the usual manner in spite of the administration of large 
or small doses of cortical extracts. There was no evidence that injection of the 
aqueous extracts of cortical tissues accelerated the growth of these transplantable 
tumors, nor did the injection of the aqueous extracts of sheep suprarenal cortex 
have any appreciable effect in checking the development of metastases in visceral 
organs of sarcoma-bearing chickens, kfetastatic growths were observed as fre- 
quently in the treated as in the untreated animals. p -xr pj.,,-,. 


Immunity to Transplantabue Rat Tumors. Raymond E. Gardner and 
Roscoe R. Hyde, Am. J. Hyg. 13:649, 1931. 


Groups of rats from a stock susceptible to transplants of a spindle cell sarcoma 
(Walker’s tumor no. 1) and of a carcinoma (Walker’s tumor no. 256) were given 
preliminary treatment with a variety of substances before tumor inoculation. 
Fresh whole chicken blood given subcutaneously exerted a definite influence in 
preventing the growth of both sarcoma and carcinoma transplants. Nonhemolytic 
heat-dried whole chicken blood was successful in a smaller proportion of cases 
of both sarcoma and carcinoma. Whole dried chicken blood produced no resistance 
to the growth of either of the tumors. Feeding of whole chicken blood also 
produced no effect. A larger proportion of animals inoculated subcutaneously 
with blood-free chicken embryo skin failed to develop sarcoma than did the controls, 
but this was not so in the case of carcinoma. A similar difference was noted 
when vaccine virus was used. Vaccine virus was not recovered after inoculation 
into either sarcoma or carcinoma from nine to fourteen days later, although the 
virus is recoverable from normal tissue. The treatment of rats with dried 
carcinomatous tissue produced no resistance to subsequent inoculations of the 
same tumor. 

Rats of susceptible stock proved refractory to sarcoma transplants were resistant 
to carcinoma transplants in 46 per cent of cases. No increase in the susceptibility 
of rats naturally resistant to subcutaneous implantations of sarcoma could be noted 
after making implantations in the brain. 

In general, when any of the treatments produced fewer instances of tumor 
development than occurred in the corresponding control group, there was a retarda- 
tion of tumor development in those treated animals in which tumor growth did 


take place. 


P. H. Guinand. 


Does Carcinoma of the Duodenum Ever Arise froai Duodenal Ulcers? 

J. William Hinton, Am. J. M. Sc. 181:843, 1931. 

During the years 1928,' 1929 and 1930, 324 ulcers were observed at the gastro- 
enterologic clinic of the fourth medical and surgical divisions of Bellevue Hospital. 
Of this number, there were 269 duodenal lesions, 34 gastric, 14 pyloric and 6 
double ulcers, meaning a lesion in the stomach and duodenum. Witli the marked 
frequency of duodenal ulcers, it is difficult to explain why these cases do not 
undergo carcinomatous degeneration. Primary carcinoma of the duodenum is 
occasionally seen. Clinically, one can disregard the possibility of a duodenal ulcer 
ever taking on malignant degeneration. Author’s Summary. 


Primary Carcinoma of the Duodenum. Jacob Meyer and David H. Rosen- 
berg, Arch. Int. Med. 47:917, 1931. 

Four cases of primary carcinoma of the duodenum are reported. Emphasis is 
placed on the difficulty of clinical recognition and of the necessity of carefully 
studying, clinically as well as histologically, all cases of duodenal stenosis. A 
critical analysis may reveal a greater incidence of primary duodenal carcinomas. 

Authors’ Summary. 
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PiNEALOMAS. JOSEPH H. Globus and Samuel Silbert, Arch. Neurol. & 
Psychiat. 25:937, 1931. 

As the structure of tumors in the region of the pineal body (pinealomas) varies 
greatly, Globus and Silbert attempted to trace the formation of these tumors to 
embryonal rests and thus “find a basic morphologic pattern that would link all 
tumors in the pineal region, no matter how divergent their gross or histologic 
appearance.” They studied pineal bodies of nine fetuses of various ages (from 
months to months), of eighteen infants from 1 to 24 days old, of twent}'^- 
five infants and young children between the ages of 1 mojith and 2)4 i'ears, of 
twenty-two older persons ranging up to the age of 72 years, and seven tumors ; 
a total number of seventy-seven pineal bodies was studied. Among the several 
methods used were those of Bielschowsky, Cajal and Hortega’s modification by 
Globus. In all tumors (except one), some phase of the basic pattern common 
to the developing pineal body during the first four months of postnatal life was 
found. The pattern consisted of streams of small deeply staining cells that broke 
up the pineal territory into irregular circles or squares. In the latter, large cells 
were found that stained less densely and assumed the character of parenchymal 
cells. The small cells were in some areas assuming the character of connective 
tissue. The glandular structure of the pineal body seemed unquestionable, especially 
about the sixth month of the intra-uterine life. In some cases the pattern was 
less typical. Glial or nerve elements did not play any role in the structure of 
the pineal body. The histologic nucleus of various types of tumors of the pineal 
region is furnished by the microscopic appearance of the pineal body in the third 
or fourth month of postnatal life. ^ Yassin. 


Calcification in Gliomas, Clement B. Masson, Bull. Neurol. Inst., New York 
1:314, 1931. 

One hundred and thirty-one gliomas showed on roentgen examination calcifica- 
tion in 12.97 per cent of patients. From the character and the distribution of the 
shadows seen in x-ray films, it is seldom possible to differentiate between the various 
t 3 'pes of glioma, an astrocytoma from a spongioblastoma, for instance, nor is it 
possible to differentiate the gliomas from the meningiomas. Calcification is not 
rare in rapidly growing, malignant gliomas (spongioblastomas) and the area of 
calcification may be limited to a part of the tumor, of which the center is already 

involved. „ tt 

George B. Hassin. 


Dermoid Overlying the Cerebellar Vermis with a Review of the Litera- 
ture on Intracranial Dermoids. Samuel Brock and Dorothy A. 
Klenke, Bull. Neurol. Inst., New York 1:328, 1931. 


This type of tumor has no characteristic signs or symptoms. The diagnosis 
is made by roentgenogram, which in the authors’ case showed the tumor in the 
posterior fossa, overlying the vermis and separating the two cerebellar hemispheres. 
The tumor was cystic and contained many long, dark hairs and numerous calcareous 
plaques which varied in size from that of a millet seed to that of a peanut. Intra- 
cranial dermoids are rare. « tt 

George B. Hassin. 


Roentgen Carcinoma and Sarcoma. F. W. Mulsow, J. A. M. A. 96:2030 
1931. 

The development of sarcoma on one finger and a year later of carcinoma on 
another finger is reported in the case of a physician, aged 57 years, who had been 
rcpeatedl}' exposed to roentgen raj's for about twelve years. 
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The Efeect of Certain Internae Secretions on the Growth of Cancer. 
F. Bischoff, L. C. Maxwell and H. J. Ullman, J. Biol. Chcni. 92:80, 1931. 


The rate of growth of a sarcoma transplanted into rats after adrenalectomy 
and castration was not significantly dififerent from the growth observed in normal 
rats. Transplants of the sarcoma into splenectomized rats appeared to increase in 
size three times as rapidlj' as in normal rats. Splenectomy and adrenalectomy were 
without effect on the growth rate of subsequently transplanted carcinomas. Applica- 
tions of x-ra}'s to the head (for destruction of the pituitary body) were followed 
by a retardation of the rate of tumor growth. Injections of synthalin and thyroxin 
were without effect. 


Experimental Tar Tumors in the White Rat. A. F. Watson, J. Path. & 
Bact. 34:301, 1931, 

Skin tumors were obtained in two male and two female rats from an original 
litter of six males and five females by means of the periodical treatment of the 
skin with a gas works coal tar, each application of far being preceded by treatment 
of the skin with a petroleum ether extract of rat tissues. Under the particular 
experimental conditions adopted, the tumors appeared during the period from the 
415th to the SSlst day after the first application of tar. The tumors of the males 
were squamous cell carcinomas, and once initiated grew vigorously, one animal 
showing extensive metastascs in the lungs, both kidneys and the pleural cavity. 
Inoculations of the tumor tissue from these animals into normal rats were unsuc- 
cessful. The .tumors of the females grew less vigorously, and in only one case 
could any histologic evidence of local infiltrative growth be obtained. 

Author’s Summary. 

Primary Carcinoma of Bronchus. E. E. Atkin, J. Path. & Bact. 34:343, 
1931, 

The observations in this paper are based on autopsies in eighty cases of primary 
bronchial carcinoma in men and thirteen women. The mean age of the male patients 
with primary carcinoma of the bronchus is higher when it is a squamous cell 
growth than when the cells are of other types, the respective mean ages being 51 
and 43.3 j'ears in the present series. Carcinoma does not appear to arise in one 
bronchus more frequentl}' than in the other. The order of frequency of occurrence 
of metastases in the abdominal organs was liver, pancreas, kidney, suprarenals and 
spleen. In about half the cases no metastases at all were found. The squamous 
cell carcinomas exhibit a great tendency to necrosis and liquefaction. All the 
cases of definite cavitation found post mortem in the growth were in squamous cell 
tumors. The possibility that secondary deposits in the opposite lung are due to 
aspiration via the bronchus is suggested. All such metastases in the present series 
occurred in cases of squamous cell carcinoma with a marked tendency to 

''■^""^^"tion. Author’s Summary. 


Malignant Phaeochromocytoma of the Adrenals. E. S. J. King, J. Path. 

& Bact. 34:447, 1931. 

A hitherto undescribed form of pheochromocytoma of the suprarenals is reported. 
The growths were solid and bilateral. Cells of two types were present : typical 
pheochrome cells and anaplastic cells not giving the typical chrome stain, but 
showing all transitions from the typical cells. Multiple metastases were present 
in the liver, lungs, bowel, bones, skin and aortic glands. The structure of most 
of these was the same as the anaplastic areas of the suprarenals, but some showed 
both this and typical pheochrome tissue. Author’s Summary. 
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Angioreticulo-Xanthoma of the Retina (von Hippel and Lindau Dis- 
ease). Louis Berger and Arthur Vallee, Ann. d’anat. path. 8:313, 1931. 

The diseases described b}'- Hippel, angiomatosis of the retina, and that described 
by Lindau, angiomatosis of the cerebellum and of the medulla, are the same condi- 
tion with a different localization. 

Berger and Vallee describe in detail an angiomatous tumor of the retina which 
they regard as originating from the “reticulo-endothelium” and in which a large 
part of the new growth had undergone a xanthomatous transformation. They, 
therefore, designate the tumor as angioreticulo-xanthoma. The angioma in their 
case varied from that of Hippel in that it invaded all the elements of the eye. The 
reticular nature of the growth was evidenced by the marked development of a 
reticulum impregnated with silver nitrate and by the abundance of intercapillary 
cells which were undergoing xanthomatous, reticular and “pseudo-gaucherian” 
transformation. The neuroglial proliferation which often accompanies the angio- 
reticulomas does not represent an essential part of the tumor, being nothing other 
than a reaction to the growth. The disease occurred in a girl 12 years old. The 
tumor, which was diagnosed by the clinician as a glioma of the retina, was 
removed, and after fifteen months there was no recurrence of the disease. 

The article is accompanied by eleven good drawings, five of which are in 
colors. The bibliography is complete. -p Frtfd 


Tissue Anomalies and Their Relationship to Some Tumors of the 
Ovaries. R. Meyer, Arch. f. Gjmak. 145:2, 1931. 

Thirty-two photomicrographs are given, illustrating seminomas, aplasia of tlie 
ovary, granuloso-cell tumors, tubular adenomas, paraganglioneuromas and tumors 
derived from suprarenal ovarian rests (“hypernepjioid tumors”). Emphasis is laid 
on the origin of ovarian neoplasms from ebryonal dysplasias, either from incom- 
plete formation of certain tissue elements or from their lack of proper retrogression. 
Tissue anomalies present in the ovaries of the cow and anthropoid apes are reported, 
and their significance in connection with the formation of certain tumors in man 
are discussed. Lawrence Parsons. 


Tumors Developing After X-Ray Treatment of Bone and Joint Tuber- 
culosis. H. Kuttner, Arch. f. klin. Chir. 164:5, 1931. 

Kiittner’s interest in this subject was aroused by the observation of two cases 
in three years. One of his patients was a girl, aged 11 years, who, at the age of 
5 years, had a tuberculosis of the knee for which she received some stretching 
operations and a total of five skin units of x-ray therapy in twelve sittings. The 
amputated femur was involved in a polymorphocellular sarcoma, and recurrence 
followed in the stump. Ten additional case reports, from the German literature, 
are cited to strengthen the theory that the roentgen irradiation is the most 
plausible factor to which to ascribe the development of such tumors, although 
trauma and the tumor-producing stimulus of tuberculosis are also considered. The 
tumors noted in the eleven cases were spindle cell sarcomas (two), polymorphonu- 
clear cell sarcomas (six), giant cell sarcoma (one) and enchondromas (two). Six 
males and five females were in the series ; eight had tuberculosis of the knee, two 
of the elbow and one of the .hand. Ten patients were from 11 to 23 years old, 
while one (the patient with the hand involvement) was 39. An interval of from 
two to eleven j^ears had elapsed between the time of healing of the tuberculous 
lesion and the . appearance of the malignant tumor. The original diagnosis of 
tuberculosis seemed correct in all instances. One patient who had both a knee 
and hip involvement received x-ray treatment for his knee but not for his hip, 
and subsequently a sarcoma of tlie knee developed. Straying from his subject to 
cite ewdence, Kuttner brings in sarcomas and carcinomas of the face which 
develop on lupus following treatment with the x-raj's. 
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A second t3'pe of tumor reported is a m>'eloma in a man 44 years old who had 
numerous x-ray treatments for a thoracic tuberculous spondylitis over a period of 
eighteen years. George Rukstinat, 

A Case of a Teratoid Tumor of the Hvfopiiyseae Region. G. J. du 
Marciiie Sarvaas, Frankfurt. Ztschr. f. Path. 40:210, 1930. 

In a boj', 12 j’^ears of age, a tumor was found in the region of the sella turcica. 
The tumor, which extended through the nares to the outside, had led to an open 
communication between the orbit, the nasal cavity and the cranial cavity. The 
hypophysis could not be made out. The tumor was connected, however, with the 
infundibulum of the hypophysis. Histologically, it consisted of connective tissue, 
glia fibers, which contained pigment, bone, cartilage, blood vessels, fat tissue, 
smooth muscle fibers, different t}'^pcs of epithelium, nervous tissue and embryonal 
tissues-. Besides the tumor, autopsj' revealed an atrophy of the thymus and both 
suprarenals. The author believes that this tumor should be classified among 
teratomas rather than as epignathus because of the location of the tumor, because 
of the absence of any parts of well developed organs, such as extremities, and 
because of the tumor-like growth. The relation of the tumor to the hypophysis 
was not studied because the hypoph}-sis could not be located. q 

Hamartomas of the Intrahepatic Bile Ducts and Their Relations to 
Cystic Liver. W. .Auerracii, Frankfurt. Ztschr. f. Path. 40:272, 1930. 

The liver of a 69 3 "ear old woman contained man 3 ' green and brownish-green 
nodules, not exceeding 8 mm. in diameter. The nodules showed a smooth cut 
surface and were well circumscribed. Histologicall 3 ’, small c 3 'sts were found 
embedded in a dense connective tissue which was poor in nuclei. The cysts were 
lined by one row of high cylindric cells and contained an amorphous greenish- 
brown material. A basal membrane was not clcarl}’ distinguishable. The wider the 
cysts, the more flattened was the lining epithelium and the more did tlie lining cells 
resemble endothelial cells. A few C 3 'stic portions were actuall 3 ' lined by endo- 
thelial cells. These C 3 'sts were filled with red blood cells and resembled structures 
found in hemangiona. No connections could be made out between the cysts and 
the adjacent bile ducts. The author classifies these C 3 'sts as hamartomas which 
for some reason did not develop fully into a C 3 'stic liver, but remained stationar 3 ^ 

O. Saphir. 

Tumors of the Neuuomyo-Arterial Glomus (Masson). M. Hope, Frank- 
furt. Ztschr. f. Path. 40:387, 1930. 

The neurom 3 " 0 -arteriaI glomus, which was described by Masson as an organ 
that regulates the temperature and blood pressure, sometimes gives rise to a small 
benign tumor called angioneurom 3 foma. This tumor formerly was called angio- 
sarcoma, endothelioma, etc. Clinical^', this growth is characterized b 3 '- a history 
of trauma, slow growth and intense pain. It is found in the region of the 
extremities. The tumor is soft, measuring up to 2 cm. in diameter, bluish red, 
and somewhat resembling an angioma. It is alwa 3 ’^s well circumscribed. Micro- 
scopicall 3 ', there are man 3 ' vessels, the walls of which consist of epithelioid cells, 
smooth muscle fibers and nonmedullated nerve fibers. The tumor is surrounded by 
a connective tissue capsule that distinguishes this t 3 ^pe of tumor from an angioma. 
The author reports four such cases. q saphir. 


Primary Sarcoma of the Pericardium. G. Bodon, Frankfurt. Ztschr. f. Path. 
Path. 40:417, 1930. 

Carcinoid of the skin, squamous cell carcinoma of the bronchus, hypernephroma 
of the right kidne 3 ’^ and osteochondroma of the lung are reported in a man aged 89. 

O. Saphir. 
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Primary Sarcoma of the Pericardium. G. Bodon, Frankfurt. Ztschr. f. Path. 

40:431, 1930. 

Primary sarcoma of the pericardium is reported in a 65 year old man. Histo- 
logically, the tumor consisted of round cells of the size of lymphoblasts which 
diffusely infiltrated the pericardium. The cells showed large, round, dark-stained 
nuclei which were surrounded by a small mass of cytoplasm. Many nuclei showed 
a crescent shape and indentations which were taken as various forms of amitotic 
division. Between these cells, a fine reticulum was noted, which surrounded, in 
some fields, individual cells. There were many vessels found. The tumor cells 
invaded the myocardium and the subepicardial fat tissue. The case showed, in 
addition, a meningioma. Saphir 


The Histologic Changes in Carcinomatous Osteomalacia. K. Makryo- 
cosTAS, Frankfurt. Ztschr. f. Path. 40:501, 1930. 

The author reports a case of a primary carcinoma of the uterus in a woman 
79 years of age, with metastases to both femurs, both tibiae, fibulae and the 
metatarses. Special attention is given to the histologic lesions of the bones which 
are described in greatest detail. Also the synovial changes are carefully studied. 
The bone and spongiosa were destroyed first, while in some instances the carti- 
laginous articular end-portions were preserved, loosely attached to the underlying 
carcinomatous tissue which had completely replaced the osseous portions. Eventu- 
allj", the cartilaginous end-portions were also replaced by tumor tissue. 

O. Saphir. 

Malignant Cystadenomas of the Liver. I. Toussaint, Frankfurt. Ztschr. f. 
Path. 40:538, 1930. 

Two cases are reported. In both, carcinomatous portions were found in addition 
to structures of benign adenomas with large spaces justifying the term “cysts.” The 
author believes that only one similar case is reported in the literature. This is the 
case of R. Jaffe {Frankfurt. Ztschr. f. Path. 21:26, 1918), who found such a tumor 
in the liver of a dog. It is thought that this tumor arises from bile ducts on the 
basis of a developmental disturbance. q 

Cancer and Lipoid Metabolism. F. Burgheim and W. Joel, Klin. Wchnschr. 
10:397, 1931. 

The cholesterol content of malignant tumors is always greater than in benign 
tumors, and there may be a relative increase in cholesterol in the vicinity of cancers. 
This increase may occur in the precancerous stage. The importance these results 
may have in the microscopic diagnosis of cancer is emphasized. 


Complement Fixation with Alcoholic Carcinoma Extracts. M. Floksz- 
trumpf and J. Kolodziejski, Klin. Wchnschr. 10:1120, 1931. 

The theoretical postulates of the Hirszfeld and Halber carcinoma reaction rest 
on the following observations: (1) the serums of rabbits immunized with car- 
cinoma extracts react selectively with alcoholic extracts of carcinoma, and (2) the 
serum of patients with carcinoma binds complement with cholesterolized alcoholic 
extracts of carcinoma, but not with similar extracts of normal tissues. A total of 
475^ carcinoma serums and 2,406 control serums were tested. The percentage of 
positive reactions in carcinoma varied between 0 to 80 according to the orio-in 
of the primary growth and the clinical progress of the disease. Early cases '"of 
carcinoma were not detected by this method. Visceral carcinoma, especially when 
disseminated, was detected in 80 per cent, skin carcinomas rarely. In cases of 
rapidly fatal carcinoma positive reactions rarely occurred. The serums that «-ave 
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positive Wassermann reactions and those of pregnant women among the controls 
reacted positively with the cancer antigen. Patients with hyperthyroidism often 
reacted positively. Thus 4 to 5 per cent of the control serums reacted positively. 
These anomalous reactions are without explanation. Edwix F Hirsch 


Technical 

New Technic and Instrument for Obtaining Biopsy Specimens. William 
J. Hoffman, Am. J. Cancer 15:212, 1931. 

A new technic and instrument are presented for obtaining specimens for biopsy. 

B. M. Fried. 

Standardization or Method Based on Mesobilirubinogen (H. Fischer) 
FOR Esti.mation OF Urobili.nogen. C. j. Watson, Arch. Int. Med. 47:698, 
1931. 

A modification of Terwcn's method for the estimation of urobilinogen in urine 
and feces is described, which is believed to be simpler and more efficient than the 
original procedure. The standardization of the color standard is based on crystalline 
mesobilirubinogen (Fischer). The results of a study of a series of cases with this 
method are reported. They indicate that i^aluable information may be obtained 
by its use in the clinical study of jaundice and the anemias. Persistent urobilinuria 
after the reticuloc}’'te crisis in pernicious anemia in cases in which liver therapy 
is used is accompanied by a slower rate of increase of hemoglobin and, to a less 
marked degree, of erythrocytes. Author’s Summary. 

Serum and Plasma Bilirubin; A Comparative Quantitative Study of 
One Hundred Cases. ItlENDEL Jacobi, Reuben Finkelstein and 
Rudolph Kurlen, Arch. Int. Med. 47:759, 1931. 

The results of simultaneous quantitative determinations of scrum and plasma 
bilirubin by the Thannhauser and Andersen modification of the van den Bergh 
technic in 100 consecutive and unselccted cases are reported, and the results are 
anal 3 'zed as to the degree of agreement or disagreement. The readings are shown 
to correspond in a very high degree, and they indicate that plasma instead of serum 
may be used with equal accuracy in determinations of bilirubin. The results 
confirm the statements of McNce and Keefer. They are directly opposed to the 
■figures reported by Shaj^ and Schloss from eleven observations with wide dis- 
crepancies in the readings. An increase in the lengtli of time allowed for coupling 
up to one hour apparently plays no part in the slight quantitative differences noted. 

Authors' Summary. 

Modified Aschheim-Zondek Test for Pregnancy. F. Eberson and M. H. 
SiLVERBERG, J. A. M. A. 96:2176, 1931. 

The modification consists in injecting into immature female rats of the same 
litter, from 18 to 21 days old, a suspension of a precipitate obtained by adding 
alcohol to the urine. Bj’’ injecting 1 cc. of the test material twice a day for one 
or two da 3 ^s, the time required to reach a diagnosis has been reduced to from 
thirty-six to forty-eight hours. When the test is i>ositive, the ovaries, tubes and 
uterus are enlarged; the tubes are distended, and the ovaries are hemorrhagic and 
congested, with protruding follicles and “blood points.” “In the absence of macro- 
scopic changes in the ovaries, the microscopic observations of a peripheral organi- 
zation of follicular cells and a peculiar vitreous alteration of the central mass of 
cells is diagnostic of very early pregnancy or of its arrest. Despite the absence 
of luteinization, these structural and tinctorial changes noted in the follicular cells 
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are specific and especially valuable in conditions that preclude diagnosis from the 
macroscopic observations alone.” This method has given uniformly satisfactory 
results. 


New Lithium Selective and Enrichment Methods for the Isolation of 
Salmonella Organisms. J. D. A. Gray, J, Path. & Pact. 34:335, 1931. 

Staphylococcus, Bacillus foecalis-alkaligenes and those members of the 
Salmonella group concerned with human disease are markedly resistant to the 
salts of lithium (chloride and carbonate). For a selective method for the isolation 
of members of the Salmonella group, the addition of 2, 2,5 and 3 cc. of 10 per cent 
aqueous solution of lithium chloride to plates containing 15 cc. of MacConkey’s 
medium is recommended. Forty-eight hours’ incubation is usually required. For 
an enrichment method for the isolation ^of members of the Salmonella group, the 
addition of 1, 2 and 3 cc. to 10 cc. of peptone water ipn 7.6) is recommended. 
Incubation for twenty-four or for forty-eight hours before subinoculation on 
MacConkey’s medium gives the best results. These selective and enrichment 
methods were found to give results for the isolation of members of the Salmonella 
group quite as good as, and usually better, than those obtained with the brilliant 
green enrichment method with or without the addition of telluric acid. Both 
MacConkey’s medium and the peptone water containing lithium chloride may be 
kept ready for use. Little or no effect on the selective action of the lithium chloride 
was obtained by the presence of sodium chloride, brilliant green, telluric acid or 
brilliant green and telluric acid. Removal of the particulate organic matter in the 
fecal emulsions gave slightly better chances of isolating the Salmonella organisms. 

Author’s Summary. 


New Collodion Membranes for Bacteriological Use, W. J. Elford, 
J. Path. & Bact. 34:505, 1931. 

A new series of graded ultrafilter membranes suitable for general bacteriologic 
use is described. The principles and technic of the preparation of these membranes 
are discussed in detail. A wide range in permeability is available, from 3 microns 
down to 10 micromicrons or less. The membranes have excellent uniformity. 

Author’s Summary. 


Asbestosis Bodies in the Faeces in Pulmonary Asbestosis. S. Roodhouse 
Gloyne, Tubercle 12:158, 1931. 

As a result of an examination of feces for asbestosis bodies, the author believes 
this method, in the absence of findings in the sputum, forms an alternative, although 

admittedly a poor, substitute for clinching the diagnosis. t ^ 

H. J. CORPER. 


Quantitative Determination of Acetone with Pulfrich’s Photometer. 

C. Urbach, Biochem. Ztschr. 236:164, 1931. 

Urinary acetone is quantitatively determined with Pulfrich’s photometer by 
use of the following technic : From 20 to 100 cc. of a twenty-four hour specimen 
of urine, kept on ice and well mixed, is put into a distillation flask and the flask 
filled up to 300 cc. with distilled water. Then 5 cc. of concentrated sulphuric acid 
is added, and the mixture is distilled into a flask containing 25 cc. of distilled 
water. After the distillate is filled up to 200 cc., 2 cc. of the following potassium 
hydroxide solution is added; solution 1, compound of 11.33 normal solution of 
potassium hydroxide, or 63.6 Gm. of potassium hydroxide in 100 cc of water and 
1 cc of salic 3 dic aldehyde. (Solution 2: 10 per cent [Gm.] solution of salicylic 
aldehyde in 9o per cent alcohol.) The mixture is heated while being shaken over a 
water bath at 50 C. for exactly twenty minutes, till a red color develops After 
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cooling, it is diluted to IS cc. The distillation is not necessary if the urine does not 
contain any sugar. Pulfrich’s photometer with filter S 53 or S 50 is used, the distil- 
late being compared with a mixture of 10 cc. of solution 1 plus 20 cc. of solution 2 
plus 120 cc. of water. After determination of the extinction coefficient, the amount 
of acetone can be read from a tabic of predetermined amounts of acetone. 

Wilhelm C. Hueper. 


The Value of the Precipitation Tests for the Diagnosis of Syphilis. 
F. E. Haag and I. Linkweiler, Ztschr. f. Jnnnunitatsforsch. u. exper. Therap. 
70:337, 1931. 


Tltc Precipitation I'cst as a Routine Procedure in the Scrodiagnosis of Syphilis 
(1. Linkivcilcr). — One thousand scrums were tested in the Hygienic Institute in 
Diisseldorf with three complement-fixation and five precipitation tests: (1) the 
original Wassermann test (syphilitic liver extract), (2) citochol extract, (3) Bordet 
extract, (4) the Mcinicke test, (5) the Kahn test (original method), (6) the Kahn 
test with citochol extract, (7) the citochol test (original method) and (8) the 
Sachs-Georgi test with citochol extract. All tests agreed in 93.5 per cent. Only 
1.3 per cent of tiie cases showed absolute disagreement, the disagreement of the 
balance being due to qualitative difTercnccs. Tlie citochol c.xtract proved partic- 
ularly sensitive. 

The Practical Significance of Positive Precipitation Tests in the Presence of 
Negative Complement- fixation Tests (P. E. Haag), — The results of six compara- 
tive tests on 11,345 serums and spinal fluids are reported. The aforementioned 
three complement-fixation tests and the following three precipitation tests were 
used : (4) the Kahn-citochol reaction, (5) the !Meinicke test and (6) the iMiiller- 
Ballungs test. Agreement was found in 94 per cent and absolute disagreement 
in 1.1 per cent of the cases. The precipitation tests proved more sensitive in old 
cases in which treatment had been given. The Kahn test with the citochol antigen 
showed the highest sensitiveness and specificity. In 460 old cases in which treat- 
ment had been given, the complement-fixation was negative 280 times, and pre- 
cipitation only 14 times. Davidsohn. 


A Method for Counting Dead and Living Tubercle Bacilli in the 
Sputum. E. Butschowitz, Ztschr. f. Tuberk. 60:149, 1931. 


Tubercle bacilli are counted in smears made from digested sputum to which a 
known number of yeast cells have been added. The sputum is cultured at the same 
time. The author believes that by comparing the number of microscopically 
demonstrable tubercle bacilli with the number of colonies the ratio of dead and living 
bacilli can be determined. 



Book Reviews 


A COLLECTIVE REVIEW OF RECENT BOOKS 
ON CLINICAL PATHOLOGY* 

ARTHUR H. SANFORD, M.D. 

ROCHESTER, MINN. 

Clinical pathologyhas developed into a true medical specialty in the 
last quarter of a century. No greater evidence of this is necessary than 
the considerable amount of literature that is devoted to this field. If 
one were to include European literature, there would be no less than 
thirty-fiA'-e texts of various kinds that have appeared in the last three 
years. I shall not attempt, however, to review any books except those 
that are printed in English. Almost all of these are American books. 

Mention might be made first of a new journal in this field. The 
American' Journal of Clinical Pathology, which appeared in 1931, pub- 
lished by Williams and Wilkins Company and under the editorship- of 
T. B. Magath. The first volume will number about five hundred pages. 
The journal is the official publication of the American Society of Clinical 
Pathologists, a society consisting of specialists in the field, who have 
devoted more than three years to clinical pathology. 

Manual of Physical and Clinical Diagnosis. By Dr. Otto Seifert (late Pro- 
fessor of Medicine, Wiirzberg) and Dr. Friedrich Mueller (Professor of 
Medicine, II Medical Clinic, Munich). Authorized translation from the 
twenty-fourth German edition by E. Cowles Andrus, M.D. (Associate^ in 
Medicine, Johns Hopkins University; Associate Physician, Johns Hopkins 
Hospital). Price, ?6.00. Pages, 543 -f- xi, with 140 illustrations and three 
colored inserts. Philadelphia and London: J. B. Lippincott Company. 

The book of Seifert and Mueller, is not, strictly speaking, on clinical patholog}" 
alone, but there is so much laboratory information in it and it is such a useful 
handbook that it is well worth mentioning. It is in its twent 3 '^-fourth edition 
in German. From this edition, we have the first American translation, by Andrus. 
The original preparation of this manual in German was prompted by Prof. C. 
Gerhardt. The data presented, on account of their quantity and diversity, can 
only with difficulty be accurately memorized. On the other hand, they are dis- 
tributed in so many textbooks and monographs that it is tedious and time-con- 
suming to hunt them out on each occasion. George E, Fahr of the University 
of Minnesota, representative of the author, presents an introductory preface 
in which he says : “Friedrich Mueller needs no recommendation from anyone. 
The twentj’-four editions in the German language and the numerous editions 
in seven other languages attest to the value of this compendium of diagnostic 
methods and data. Every interne and clinical clerk should carry a copy in his 
white coat to be available when working on the wards or in the clinical laboratory. 
The student who has had a course of lectures on. physical diagnosis and on 
clinical microscopy and chemistry will find that this little book is all that he will 
usually need to consult in his work on the wards. The practitioner of medicine 

* Submitted for publication, Oct. 30, 1931. 

*From the Section on Clinical Pathology, the Mayo Clinic. 
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wlio has a copy on his desk will only rarely have to consult any other work on 
diagnostic methods and data.” The book may be called a true vade mccuin. 
The translator states in the preface that “certain additions have been made to 
include procedures to which the American student and physician are accustomed: 
blood chemistry, staining methods, etc.” 

There are eleven chapters and an appendix. The eleven chapters are arranged 
as follows: introduction; respiratory organs; circulator}’^ organs; the blood; 
urinary system; gastro-intestinal tract; parasites and infectious diseases; nervous 
S 3 'stem; the glands of internal secretion; metabolism and nutrition; diseases of 
the skin. The appendix contains a tabular summary of the symptoms and the 
therapy of acute intoxications, mineral springs and baths, drugs and dosage, and 
troy weights and metric equivalents. There are three colorc’d inserts, one of 
these being double and presenting excellent illustrations of various types of blood 
cells. The clinical laboratory material is of course brief as regards actual 
technic, and the book is not designed as a laboratory manual, but it will be found 
useful as a reference book for the clinical pathologist in discussing clinical 
diagnosis with the clinician and will also be informative for the clinician in 
evaluating the reports of the clinical pathologist. The thin paper edition makes 
the book convenient in size, so that it can be readilj'^ carried in the overcoat 
pocket or in the physician’s liandbag. 

Bedside Interpretation of Laboratory Findings. By Alichael G. Wohl, IM.D. 
(Associate Professor of Experimental Medicine, Temple Universjty Medical 
School; Chief of the Metabolic Clinic, Temple University Hospital; Chief 
of the First Medical Diagnostic Clinic, Mount Sinai Hospital, Philadelphia, 
Pa.). With an introduction by Joseph McFarland, M.D., Sc.D. (Professor 
of Pathology, University of Pennsylvania). Price, $6.00. Pages, 321, illus- 
trated. St. Louis : The C. V. Mosby Company, 1931. 

Wohl states in his preface that the purpose of the volume is to deal with the 
middle ground between the fields of activit}’’ of the clinical pathologist and the 
general practitioner. Simple tests that can be carried out by the practitioner in 
his office are given in detail. The proper evaluation of the more complicated tests 
carried out by the clinical pathologist is presented for the use of the clinician 
in making the diagnosis. The introduction by McFarland contains some timely 
comments on the present-day physician’s knowledge of laboratory procedures and 
his* attitude toward “reports.” 

The twenty-three chapters of the text deal with tlie clinical interpretation of 
various tests under the following headings : sputum ; gastric contents ; duodenal 
contents; feces; blood; blood chemistr 3 '-; blood cultures; blood groupings; acidosis 
and alkalosis; basal metabolism; urine; kidney functional tests; liver functional 
tests ; cerebrospinal fluids ; transudates and exudates ; immunologic reactions ; 
skin reactions; mouth and pharynx; eye and ear; skin (really a chapter on 
mycology); infections of the urethra and external genitalia; laboratory tests for 
pregnancy; miscellaneous tests. It will be seen from the diversity of subjects 
that the euphonious title of the book is somewhat of a misnomer, as in a large 
proportion of instances the interpretation of the laboratory results are not made 
at the bedside. The clinician, however, by using this book in his study, may 
gain the necessary information for an intelligent discussion of his case with the 
clinical pathologist, who should act as a consultant. On the other hand, the 
clinical pathologist should find this book a valuable adjunct in such consultations 
by using the concise information that is here given concerning the clinical inter- 
pretation of laboratory data. The selection of material has been made by the 
author from his extensive and valuable experience as a clinical pathologist. The 
chapter on laboratory tests for pregnancy by Mazer and Hoffman is of interest 
because of the description of the test for the female sex hormone originally 
described by these authors, using spayed mice as the test animals. It is regrettable, 
however, that mention is not made of the simple Friedman test, rvhich is rapidly 
gaining in favor. This book should make good reading for the bus 3 ’’ physician 
who wishes to keep up to date on diagnostic methods. 



SANFORD— REVIEW OF RECENT BOOKS 


859 


The Clinical Interpretation o£ Blood Examinations. By Robert A.' Kilduffe, 
A.M., M.D. (Director of Laboratories, Atlantic City Hospital, and City 
Bacteriologist, Atlantic Citj’’, N. J.). Price, $6.50. Pages, 629, illustrated. 
Philadelphia: Lea & Febiger, 1931. 

This is a more pretentious book than the one just reviewed, but in a narrower 
field. Kilduffe has demonstrated on many occasions his ability to state clearly 
the technic employed in various clinical laboratory procedures and the inter- 
pretations of the results. This new volume is an expansion of a previous com- , 
pendium entitled “The Clinical Interpretation of the Wassermann Reaction.” 
This volume contains thirteen chapters. The first chapter, on the physical 
properties of the blood, is clearly and ably written. This is followed by chapters 
on:. blood formation and blood destruction; cytologic blood examination; clinical 
study of the cellular elements of the blood; the leukocytes; the blood platelets; 
the symptomatic blood picture in disease; laboratory studies of anemias; bacteri- 
ologic examination of the blood ; serologic examination of the blood ; the 
parasitology of the blood; the complement-fixation test; chemical examination 
of the blood. There are numerous references to the literature in footnotes, and 
the book will undoubtedly furnish a valuable guide to both the clinician and the 
laboratory worker in further study on the immense number of subjects that are 
treated. The technic is not given in detail, except in some of the simple pro- 
cedures; ,it is not intended to be a laboratory manual. Probably the best 
chapter is the twelfth, on complement-fixation tests. In this field the author is 
well known, and he has put more of his personal experience into the writing of 
this chapter. In the final chapter, the subject of blood chemistry is as adequately 
handled as can be expected in the space alloted, about 125 pages. There is little 
to criticize unless it is that the author has included many unnecessary references 
to valueless tests. The author states in his preface that he has done this 
deliberately, feeling that it is due to the reader to have an evaluation put on the 
unsatisfactory, as well as on the valuable, diagnostic procedures. However, in 
reviewing such a collection, the reader becomes wear}'- of so much that is “non- 
specific” or of “little value.” This is especiall}’- noticeable in the tenth chapter, in 
which ten pages, including comment on more than ten tests, are given to serologic 
studies in malignanc)', all of no clinical value. In the same chapter, seven pages 
are devoted to unsatisfactory laboratory tests for the diagnosis of pregnancy, 
although ever}’- clinical pathologist is more or less familiar with the satisfactory 
Aschheim-Zondek test or the simple Friedman test. One wonders, in the con- 
sideration of agglutination tests, why Maniolow’s test for the determination of 
sex is included, whereas the useful agglutination tests for diagnosing undulant 
fever are omitted, and only one and a half lines are devoted to the subject of 
tularemia. In the chapter on the symptomatic blood picture in disease, the 
various disorders are arranged alphabetically. Such an arrangement is natural 
enough, although it is somewhat disconcerting to find cholera, fractures, hay 
fever and heart disease considered in the order named. Although these minor 
criticisms are mentioned, on the whole the book will undoubtedly be found useful 
in the library of every clinician who has not been able to keep abreast of the 
vast amount of work that has been done in recent years in the field of exami- 
nations of the blood. 

Quantitative Clinical Chemistry. By John P. Peters, M.D., M.A. (Professor 
of Internal Medicine, Yale University School of Medicine) and Donald D. 
Van Slyke, Ph.D., Sc.D. (Member of the Rockefeller Institute for Medical 
Research). Vol. I: Interpretations. Price, $12.00. Pages, 1264 -f xvi. 
Baltimore: Williams & Wilkins Company, 1931. 

Peters and Van Slyke’s book on interpretations of laboratory procedures will 
doubtless last for many years as the best example of such writing. The first 
volume has just appeared and bears a subtitle “Interpretations.” These authors 
have prepared a monumental work. If the second volume, which is to be on 
technic, is as complete as this volume on interpretations, it is safe to say that it 
will be the authoritative work in English on the subject of clinical chemistry 
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There are 3,890 references to the literature in this volume alone, which make it 
exceedingly valuable if considered only for this useful feature. The style is 
clear and readable for the clinician or laboratory worker who is not entirely con- 
versant with all of the technical procedures considered. The reputation of the 
authors in the scientific world for exact evaluation of scientific data is upheld 
in ever 3 ' particular. The chapters are on: total metabolism; carbohydrates; 
lipoids ; nonprotein nitrogen and nitrogen metabolism ; urine, ammonia ; amiho- 
acids ; uric acid ; creatine and creatinine ; total organic acids ; lactic acids and 
ketones ; phenols ; hemoglobin ; proteins of the blood plasma, urine and other . 
bod}" fluids; blood volume; total base, sodium and potassium; calcium, magnesium; 
carbonic acid and acid-base balance: chlorides, phosphorus and sulphur. We 
shall await with much interest the appearance of the second volume. 

Chemical Methods in Clinical Medicine. Their Application and Interpretation 
with the Technique of the Simpler Tests. By G. A. Harrison, B.A., M.D., 
B.Ch. (Cantab.), M.R.C.S. (Eng.), L.R.C.P. (Loud.) (Reader in Chemical 
Pathology, University of London; Reader and Lecturer on Chemical Pathol- 
ogy, St. Bartholomew’s Medical College; Chemical Pathologist, St. Bartho- 
lomew’s Hospital ; Formerly Chemical Pathologist, King’s College Hospital 
and Hospital for Sick Children, Great Ormond St., London). Price, SS.25. 
Pages, 534 -f- i.x, with two color plates and 63 illustrations. New York: 
The Macmillan Company, 1930. 

Harrison's book was printed in Great Britain, but was distributed in this 
country by the Macmillan Company. It contains twenty-six chapters, an appendix 
and a well arranged index. The introductory chapters are: definition of terms; 
preparation of standard solutions; description of apparatus. The next fifteen 
chapters are on urinalysis; in fact, the author makes much over tiie point that 
unfortunately in recent years interest has waned in this important field of clinical 
chemistry owing to the overshadowing attention that has been paid to chemistry 
of the blood. Some of the chapters, to be sure, are brief. They are listed as 
follows : routine qualitative tests ; albuminuria, both qualitative and quantitative 
tests; urinary deposits; tests of renal efficiency, with a very good, detailed 
description of the Maclean-de Wesselow test (urea-concentration test) ; reducing 
substances in the urine, blood sugar curves; chemical tests in diabetes mellitus 
and the control of insulin treatment; ketosis, acidosis and alkalosis, clinical 
significance, and technical methods; blood and its derivatives in the urine, the 
direct vision spectroscope; urine abnormal in color, with special reference to 
drugs in the urine; bile and urobilin in the urine, with efficiency tests of the 
liver and bile passages; tests of pancreatic efficiency; indicanuria, lipuria and 
skatole-red, diazo-test, chyluria, nitrituria ; chlorides, and inorganic constituents 
of the urine; the collection, preservation and quantitative analysis of the urine. 
There are three chapters on blood: the collection and preservation of blood; 
qualitative examination, in which the “formol-gel test” and Jaffe’s test for 
indicanemia are considered ; chemical analysis of the blood. The last seven 
chapters are devoted to: chemical examination of the cerebrospinal fluid; analysis 
of milk ; gastric analysis ; chemical examination of duodenal contents ; chemical 
examination of feces ; basal metabolism and metabolism experiments ; “miscellanea 
and conundrums.” The last chapter tells among other things how to determine 
whether the urine is contaminated with feces or whether a laparotomy wound 
contains pancreatic juice. As these and similar questions occasionally tax the 
ingenuity of the clinical pathologist, the author’s solutions make interesting 
reading. The appendix also contains a number of useful tables and miscellaneous 
information. 

Harrison pays particular attention to calculations. Seldom is each step in the 
mathematic computation of a test elaborated in such detail. This is deliberately 
done by the author, as he stated in the preface: “That the calculations are given 
very fully — some readers may consider in absurd detail. ... In the author’s 
experience more mistakes are made in the calculations than in the actual technic 
by the average student and technical assistant and also because in his opinion 
many writers give calculations too briefly.” 
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For the most part this book will prove interesting and instructive to American 
readers. The simple illustrations of the line-drawing type are useful in clarifying 
technical procedures. One criticism may be made of the manner of making 
cross-references. The reference is alwaj's merelj’^ to a chapter and not to the 
page or pages. The index, however, is complete and w'ell arranged. There are 
also complete references to other texts and to the literature generally with each 
chapter. 

Clinical Laboratory Methods. By Russell Landram Haden, M.A., M.D. 
(Professor of Experimental Medicine, University of Kansas School of 
Medicine, Kansas City, Kan.). Edition 3. Price, $6.75. Pages, 317, with 69 
illustrations and four color plates. St. Louis ; The C. V. Mosby Company, 
1929. 

Practical Clinical Laboratory Diagnosis Including the Interpretation of 
Laboratory Findings. Designed for the Use of Students and Practitioners 
of Medicine. By Charles C. Bass, M.D. (Dean and Professor of Experi- 
mental Medicine, School of Medicine, Tulane University of Louisiana) and 
Foster M. Johns, Af.D. (Assistant Professor of Medicine and Director of 
the Laboratories of Clinical Medicine, the School of Medicine, Tulane Uni- 
versity of Louisiana) Edition 3. Price, $7.50. Pages, 187 -p xvi, with 134 
black and white textual figures and 20 plates, nine of which are in color. 
Baltimore : Williams & Wilkins Company, 1929. 

A Manual of Clinical Laboratory Methods. By Clyde Lottridge Cummer, 
Ph.B., M.D., F.A.C.P. (formerly Associate Clinical Professor of Clinical 
Pathologj', School of Medicine, Western Reserve University, Cleveland; 
Instructor in Dermatology and Syphilology, School of Medicine, Western 
Reserve University ; Visiting Dermatologist, Charity and St. Alexis Hospitals, 
Cleveland). Edition 3, thoroughly revised. Price, $6.75. Pages, 583 -j- xx, 
with 173 engravings and 12 plates. Philadelphia: Lea & Febiger, 1931. 

I 

Clinical Diagnosis by Laboratory Methods. A Working Manual of Clinical 
Pathology. By James Campbell Todd, Ph.B., M.D. (late Professor of 
Clinical Pathology, University of Colorado, School of Medicine) and Arthur 
Hawley Sanford, A.M., M.D. (Professor of Clinical Pathology', University 
of Minnesota [Mayo Foundation] ; Head of Section on Clinical Laboratories, 
Majm Clinic, Rochester, Minn.) edition 7, thoroughly revised. Price, $6.00. 
Pages, 765, with 347 illustrations, 29 in colors. Philadelphia : W. B. Saunders 
Company, 1931. 

Within the last three years there have been new editions of these four of the 
leading texts. Although it may not seem necessary to give a complete description 
of each of these well known books, it would seem best to comment on them in 
this review, since the scope of each one of these works ma}-^ not be known to all 
readers. 

Haden’s book appeared in its third edition in 1929. The book was thoroughly 
revised and brought up to date. It is not a textbook; the author has rather 

presented his notes in the form that he has found useful in the laboratorj^ of a 

general hospital. His wide experience in medicine and in teaching has enabled 
him to make a useful selection of those diagnostic procedures that he believes are 
most worthwhile. There is no attempt to explain results. Normal values are 
often given, however. In fact, among the chief features of the book are several 
tables in which normal and abnormal data are listed. One of the most interesting 
of these is the first table in the book on the identification of reducing substances 

in the urine. By carrying out half a dozen tests in the order listed, various 

reducing substances, as well as dextrose, may be identified. Another convenient 
and unique feature of the book is the placing of the reference to the original 
article immediately below the title for the text. There is no hunting in a 
bibliography at the end of the book or even in a footnote for the reference to the 
literature. 
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Tliere’ are fourteen chapters, arranged as follows; qualitative examination of 
urine; quantitative chemical examination of urine; analysis of gastric juice; 
examination of sputum; examination of feces; qualitative examination of the 
blood; quantitative chemical examination of the blood; serologic technic; prepa- 
ration of bacteriologic solutions ; stains and mediums ; general bacteriologic 
methods ; miscellaneous clinical pathologic examinations ; miscellaneous chemical 
procedures and solutions ; histologic technic ; examination of milk and water. A 
thoughtful study of the numerous tables and the brief descriptions of the various 
tests will commend this book to the laboratory worker and clinician alike. The 
diction is clear and concise. The nomenclature in the consideration of animal 
parasites and of bacteria is correct and accepted. 

In 1929, also, appeared the third edition of Bass and Johns’ book. This small 
book contains much interesting and original matter. It is chiefly a “picture 
book.” The authors have evidently felt that accurate photographs illustrating 
the various steps of technical procedures Avould impress the student more readily 
than a word description. There are 134 of these illustrations in black and white, 
and twenty plates, nine of which arc in colors, scattered through 179 pages of 
text. Some of these illustrations arc well done, while others would seem to be 
unnecessary. They may emphasize certain Jaborator}'^ rules for the medical 
student, but have no real part in the practice of clinical pathology by an experi- 
enced worker. The authors have a somewhat original method of arranging their 
text. There are seventeen chapters, man.v of them arranged in a manner found 
in most other books, but some of the chapters deal with only a single disease and 
the tests connected with the diagnosis of tliat condition. This is not strange when 
one remembers the interesting pathologic material in certain fields in New 
Orleans. The first five chapters are: use and care of the microscope; blood 
smears and stains ; differential leukocyte counts ; total counts in hemoglobin 
estimations; special tests of blood. The latter includes the determination of 
blood sugar, which is the only test having to do with the chemistry of the blood 
described in the book. The sixth chapter is brief and deals solely with malaria. 
Then ‘follows chapters as follows: tjqflioid agglutination tests; urine; gastric 
contents ; feces ; pus, exudates and similar material ; sputum. The chapter on 
feces is doubtless one of the best chapters in the book. The thirteenth chapter 
is one and a half pages in length and is on the laboratory diagnosis of leprosy. 
The last four chapters are on ; spinal fluid ; diphtheria ; gonorrhea ; syphilis. 
None of the various modifications of the Wassermann test is described, and the 
only serologic test that is given in detail, and that rather briefly, is the Butler 
precipitation test. Although this way be an excellent test, it is not as well Imown 
as the Kahn or the Kline test, of which no mention is made. Two appendixes 
contain the usual formulas and lists of recommended apparatus found in most 
textbooks. 

The third edition of Cummer’s well known manual appeared in 1931. The 
book is brought up to date in the twelve chapters and appendix, which are 
arranged as follows ; examination of the blood ; pathologic histology and differ- 
ential diagnosis; parasitology and bacteriology of the blood; immunology; exami- 
nation of chemical changes in the blood ; urine ; gastric and duodenal contents ; 
feces ; sputum ; body fluids ; basal metabolism ; miscellaneous methods. The 
eleventh chapter, on basal metabolism, b}' M. A. Blankenhorn, includes a descrip- 
tion of the Benedict method. The twelfth chapter is on bacteriologi^; methods. 
The appendix contains some valuable miscellaneous information. A scheme for 
the examination of a large number of specimens of urine in a hospital laboratory 
is described in considerable detail. The preparation of normal solutions is well 
presented. There are also a dozen similar subjects that reflect the experience of 
the author and that will appeal to the reader. A rather unique feature is the 
printing on the back fly-leaf and inside cover of a table of normal findings. How- . 
ever, it is unfortunate that the bibliography at the end of the book has not been 
brought -up to date; this is particularly true of the textbooks. The reader is 
entitled to references to the latest editions. In many instances, several editions 
have appeared since the one that is referred to. 
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Probabl}’^ the best chapter in the book is the fourth, on immunology. In the 
consideration of agglutination tests, both tularemia and undulant fever are 
described. The Kolmer-Wassermann technic is given fully, also a most interest- 
ing and complete description of the so-called Cleveland method, which was 
developed by a committee of various laboratory workers appointed b}' the Academy 
of Medicine of Cleveland, in the hope that a uniform technic would thereafter be 
used in Cleveland. Thus the test was named after the city in which it was 
developed. Both the Kline and the Kahn flocculation tests are given satisfactorily. 
Criticism must be made of the chapter on intestinal parasites. The choice of 
Dibothrycocephalus latus for the name of the broad Russian tapeworm is not 
now accepted by parasitologists, who prefer, on good and sufficient grounds, 
Diphyllobothrium latum. One is also somewhat amazed to read in the con- 
sideration of “examination for amoeba” that “the examination should be conducted 
at the bedside when possible.” Is this ever done? The book is well illustrated 
and indexed, and the author is to be congratulated on this new edition, which 
includes much new material : for example, the silver impregnation methods for 
spirochetes, the Alzheimer method for studying the cellular contents of the spinal 
fluid, a description of cistern puncture, the alcohol test meal and the use of 
histamine in gastric analysis. 

This year (1931) has also seen the appearance of the seventh edition of Todd 
and Sanford’s book. This book probably needs no extensive review. The 
original author, the late Dr. Todd, was well known as a master of his subject. 
The joint author, to whom has fallen the task of bringing out the present and 
future editions, has endeavored to bring the book up to date. A few of the little 
used or obsolete tests have been omitted. The new material includes Corper and 
Uyei’s method for the culture of bacteria of tuberculosis, Fairhall’s method for 
the determination of lead, Folin’s method (1929) for the precipitation of protein 
from blood and body fluids, his modified method for the determination of uric 
acid in the blood, and his revised copper solution for the determination of blood 

agar. Clark and Collip’s method for the determination of calcium is given in 

full. The technic of the Keith, Rowntree and Geraghty method of determining 

blood volume and plasma volume is given in detail. The alcohol meal and the 

gastric reaction to histamine are considered in the chapter on analysis of gastric 
contents. The Gregerson test for occult blood is included. The Aschheim-Zondek 
test and the simpler Friedman test for pregnancy are briefly described. The 
chapter headings are : sputum ; urine ; blood ; gastric and duodenal contents ; 
feces ; animal parasites ; pus ; puncture fluids, animal inoculation ; miscellaneous 
examinations serodiagnostic methods ; bacteriologic methods ; vaccines and biologic 
skin tests. The paper used is thin, so that the book is larger than it appears, 
there being 765 pages. Some of the plates are becoming worn, and it is hoped 
that in future editions more attention may be paid to the illustrations. 

Laboratory Medicine, A Guide for Students and Practitioners. By Daniel 
Nicholson, M.D. (Member of the Royal College of Physicians, London; 
Assistant Professor of Pathology, University of Manitoba; Assistant in 
Patholog}’’, Winnipeg General Hospital). Price, §6.00. Pages, 437, with 
108 engravings and a colored plate. Philadelphia: Lea & Febiger, 1930. 

Nicholson’s book has been thoroughly reviewed in The Archives (11:168, 
1931). The author has put into this his own experiences as a clinical patholojgist. 
The result is pleasing, and the book has been well received. 

A Textbook of Laboratory Diagnosis with Clinical Applications for Prac- 
titioners and Students. By Edwin E. Osgood, M.A., M.D. (Assistant 
Professor of Medicine and Biochemistry, and Director of Laboratories, Uni- 
versity of Oregon School of Medicine) and Howard D. Haskins, M.D. 
(Professor of Biochemistry, Universit 3 ’^ of Oregon School of Medicine, Port- 
land, Ore.). Price, §5.00. Pages, 475 -f- xix, with 21 figures and 6 colored 
plates. Philadelphia: P. Blakiston’s Son & Company, 1931. 

Osgood and Haskins embody-, in pleasing form, their lecture notes as pre- 
sented to their students. The authors are both well known, particularly in the 
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field of hematology and chemistry of the blood. Their book is divided into two 
parts. Part I is written from the point of view of the general practitioner, with 
the clinical value and the interpretation of certain laboratory procedures con- 
sidered more or less fully in relation to various diseases and symptoms. The 
arrangement is original but not entirely logical. Disorders of the kidney and 
urinary tract with special reference to nephritis are treated first, and are naturally 
followed by a chapter on disorders of carbohydrate, protein and fat metabolism 
with special reference to diabetes mellitus and disturbances of acid-base 
equilibrium. Pregnanej'^ and its complications next claim attention, followed by 
disorders of the central nervous system with emphasis on the differential diag- 
nosis of coma. The remaining four chapters of part I are on ; disorders of the 
gastro-intestinal tract; basal metabolism; hematology; respiratory and cardiac 
disorders. 

Part II takes up full}" the technical procedures in common use referred to in 
part I. The arrangement is satisfactory enough if the reader follows the sug- 
gestion that “this text is to be thought over thoroughly, not merely to be read or 
memorized b}" rote.” The numerous references to tlie literature are carefully 
selected and should stimulate the student to much collateral reading. He will 
also find useful the well planned index of diseases, which is, however, “not a 
substitution for cerebration.” The chemical procedures, as might be expected, 
are well presented. .There are many modifications of well known tests that are 
introduced from the experience of the authors. 

Not enough attention is ])aid to examination of the feces; only eight pages 
with one table and one plate in which the illustrations are not adequate are 
devoted to the subject. This is probably the weakest part of the book. The 
Aschheim-Zondek test for pregnancy is well presented, but no mention is made 
of the simpler Friedman test, which is probably as reliable. Hematology is con- 
sidered in an interesting, instructive and stimulating manner. It is safe to say that 
the color plates, reproduced from the drawings by Miss Clarice Ashworth, are 
as fine as any illustrations of blood cells that have appeared in American 
publications. The printing as a whole and the general appearance of this first 
edition lead one heartily to congratulate the authors. 

Approved Laboratory Technic, Clinical, Pathological, Bacteriological, 
Serological, Biochemical, Histological. Prepared under the auspices of 
The American Society of Clinical Pathologists. By John A. Kolmer, M.D., 
Dr. P.H., D.Sc., LL.D. (Professor of Patholog}" and Bacteriology, Graduate 
School of Medicine, University of Pennsylvania ; Professor of Immunology and 
Chemotherapy, School of Medicine, Temple University; Head of the Depart- 
ment of Pathology and Bacteriolog}", Research Institute of Cutaneous Medi- 
cine) and Fred. Boerner, V.M.D. (Associate Professor of Bacteriology, 
Graduate School of Medicine, University of Pennsylvania), assisted by C. 
Zent Garber, A.B., M.D. (Associate in Pathology, Peking Union Medical 
College; formerly Associate Pathologist, Henry Ford Hospital, Detroit) and 
by committees of the American Society of Clinical Pathologists, composed 
of Dr. J. H. Black, Dr. H. J. Corper, Dr. A. G. Foord, Dr. A. S. Giardano, 
Dr. F. W. Hartman, Dr. P. Hillkowitz, Dr. R. A. Keilty, Dr. R. A. Kilduffe, 
Dr. K. M. Lynch, Dr. A. H. Sanford and Dr. F. E. Sondern. Price, $7.50. 
Pages, 663 -f xxii, with 11 colored plates and 300 illustrations in the text. 
New York and London; D. Appleton & Company, 1931. 

This book is one of the most pretentious books on laboratory technic that has 
been published in America. It was prepared under the auspices of the American 
Society of Clinical Pathologists. The authors were assisted in this work by 
Garber and committees of the society. The book is dedicated to Dr. George H. 
Meeker of the University of Pennsylvania and to the memory of Ward Burdick, 
founder and first secretary of the American Society of Clinical Pathologists. 
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The object is “to establish standards for the performance of various laboratory 
examinations, to promote the practice of medicine by a wider application of 
clinical laboratory methods to the diagnosis of disease and to encourage a closer 
cooperation between the practitioner and the clinical pathologist.” 

The technic of each method has been definitely approved by at least five 
members of the society, although it cannot be stated that the society as a whole 
has approved of the methods described. The importance of using accurate and 
reliable apparatus and reagents is stressed. Quantitative tests are given special 
emphasis whenever possible. There is also included a brief chapter on methods 
for the microscopic examination of tissues by W. C. MacCarty and W. L. A. 
W ellbrock. 

The book is divided into five sections and contains thirty-seven chapters, 
several of them on unusual subjects. The sections are: general laboratory 
methods ; clinical pathologic methods ; bacteriologic methods ; serologic methods ; 
clinical methods. 

The chapters in section I are: use and care of the microscope and methods of 
micrometrj'; housing, feeding, inoculating, bleeding and necropS 3 ' of animals, and 
diagnosis of animal diseases ; suggestions for routine and special laboratory 
examinations ; prevention and emergency treatment of laboratory accidents. 

• Section II contains chapters of the more usual descriptions of clinical laboratory 
procedures. There is a comprehensive chapter on examination of the blood, and 
chapters on : methods for the examination of urine ; renal functional tests ; sputum ; 
gastric contents; bile and duodenal contents; tests of hepatic function; feces; 
exudates and transudates ; cerebrospinal fluid. 

Section III, on bacteriologic methods, contains nine chapters : methods for 
the collecting and handling of material for bacteriologic examination ; prepa- 
ration and sterilization of glassware; preparation of culture mediums; general 
bacteriologic methods ; diagnostic bacteriologic methods ; preparation of bacterial 
vaccines; bacteriologic examination of milk; bacteriologic examination of water; 
testing of disinfectants. 

Section IV, on serologic methods, has five chapters : collection of blood and 
serum ; agglutination tests ; blood transfusion tests ; complement-fixation tests for 
sj'philis and bacterial diseases ; precipitation tests for syphilis. 

Section V is headed “Clinical Methods.” I believe this is a typographical error, 
as certainly seven of the nine chapters in the section are on chemical methods. 
There are adequate descriptions of methods of colorimetry, nephelometry and 
scopometry; preparation of standard solutions; chemical examination of the 
blood; chemical examination of urine; determination of basal metabolic rate; 
chemical examination of milk and other foods ; methods for toxicologic exami- 
nation. The thirty-sixth chapter is on the diagnosis of early pregnancy, and the 
last chapter in the book is on the microscopic examination of tissues. There is 
a carefully prepared index. 

The quality of the paper has added greatly to the beauty of the book, although 
it has doubtless added greatly to the bulk and somewhat to the price. As a 
result, the illustrations, which are practicall3' all also “approved,” and which are 
borrowed from other publications, stand out with a remarkable clarity often not 
found in their original presentation. Plate I represents blood cells stained with 
‘Wilson’s stain.” This stain is not well known to hematologists, and unfortunately 
no reference can be found in the text to its use. In collecting material from so 
nian3’^ other texts, the authors have committed a not uncommon error in references 
to the literature: the original authority is not always given correctly. For 
example, in the description of Wright’s stain it is stated that “emplo3'ing a buffer 
solution is also recommended b3’' Giardano.” Although it is true that Giardano 
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makes the recomnienclation, this solution was described several years ago by 
Haden and in his book credited to Mcjunkin. 

The chapter on methods for the examination of feces contains much valuable 
information. However, criticism may be made of the use of capitals in the species 
names of the parasites. Also in the use of Dibothryocephalus latus instead of 
Diph 3 dlobothrium latum as the name of the “fish tapeworm.’’ All of these are 
minor faults that may creep into any first edition. The beautiful appearance 
of the book itself and the wealth of information that it contains should make 
this a popular reference work for the clinical pathologist. 

Protozoan Parasites of the Alimentary Tract, By Kenneth M. Lynch, 
M.D. (Professor of Pathology, Medical College of the State of South 
Carolina, Charleston, S. C.). Price, $3.75. Pages, 258 -}* ^vii. New York: 
The Macmillan Company, 1930. 

Although not strictly speaking a work on clinical patholog}', mention should 
be made of L.vnch’s monograph. The author, a well known pathologist, is 
perhaps best known for his manj- publications on protozoolog}^ and especially 
for his studies of the genus Trichomonas. He stated in his preface, however, that 
the book “is not intended for protozoologists. To biologists it will be an uncon- 
ventional book. It is purposely so. Technical details which tend to confuse and 
so lose the interest of those to whom they are of no concern arc largely left out 
of consideration.’’ And in the introduction is the following paragraph ; “Proto- 
zoologists are not pathologists ; few pathologists and other physicians know 
much about protozoa. Therefore, the errors common among protozoologists in 
evaluating disease when associated with the presence of protozoa and among 
physicians in estimating the significance of the finding of protozoa in a sick 
person.’’ There are fourteen chapters. The first chapter is on the life of 
protozoa, and the second on dissemination and prevention of infection. Then 
follow five chapters on the amebas, and these in turn by four chapters on the 
flagellates. The three remaining chapters are on tlie ciliates, the coccidia and 
the blastocystis. Although the book shows evidence of rather hasty preparation, 
it is an excellent compilation of the author’s own views on the subject and 
should be very useful to the clinical pathologist. 

COMMENT 

It has been necessary to outline somewhat tediously the contents of 
each of these new publications. However, it will be seen that no one 
of them can completel}^ cover the field. Although there is, of course, 
much duplication of descriiDtions of more or less standard j^rocedures, 
there is an interesting variety in the manner of presentation, so that in 
many laboratories and in all large libraries there will be found everyday 
use for all of these new books on clinical pathology. 


La Culture des tissus en biologic experimentale. By fimile C. Craciun, 
Maitre de conferences a la Faculte de medecine de Bucarest. Preface du 
Professeur G. Roussy. Price, 55 francs. Pp. 442, with 72 illustrations. Paris : 
Masson & Cie, 1931. 

The reader of this book is left with the impression that a method reputed to 
be technically very difficult and accessible only to a chosen few was absolved from 
its former exclusiveness and made available to the mere mortals of the species 
of laboratory investigators. 



SANFORD— REVIEW OF RECENT BOOKS 


867 


The thoroughness and lucidity of presentation and the emphasis laid on minute 
details, so important in this field, deserve commendation. It will help to gain 
friends among those laboratory workers who are deterred from approaching this 
method of investigation by the exaggerated conception of its technical difficulties. 
Besides the sixty-four, pages given to the discussion of general technical details, 
numerous additional specialized technical procedures are found all through the 
book. All varieties and modifications of technic are given in a convincingly 
objective manner, with a recommendation of those that proved best in the author’s 
experience. 

The study of tissues in vitro became an indispensable method of research for 
investigators in various disciplines. The general biologist, the zoologist, the 
botanist, the cytologist, the physiologist, the pharmacologist, the experimental 
radiologist, the pathologist, the bacteriologist and the immunologist use the technic 
with great profit, and all are undoubtedly interested in the results achieved with 
the tissue culture method in their respective fields. These achievements are pre- 
sented in chapters 2 to 10, with exhaustive references to the original publications. 
The bibliography of fifty-seven pages appears to be complete. 

The value of this excellent book could have been enhanced by the use of a 
paper of better quality and by good binding. As it is now, it will show quickly the 
wear and tear, particularly since, by its verj' nature, it is destined to be used on 
the laboratory table. 

In the reviewer’s opinion, the book merits translation to make it accessible 
to those who do not read French. 
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delphia : J. B. Lippincott Company, 1931. 
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The low blood pressure that occurs after hemorrhage and' during 
shock is accompanied, if not directly caused, by a reduction in the 
volume of the circulating blood. Since blood is a liquid of which from 
about 78 to 81 per cent is water, it was thought that a study of the 
changes in the amount and condition of the water present might be 
another means of investigating the cause of shock. Low blood pressure 
was produced experimentally in barbital-anesthetized dogs by means of 
direct hemorrhage, injections of histamine and blows on the leg. The 
study of the water of the blood includes determinations of total water, 
and also of what are called “free” and “bound” water. 

The dissolved materials and the colloids that are present in the water 
of the tissues have the effect of modifying some of the properties of 
the water in which they occur. As a consequence, the water of the 
tissues does not behave in all respects like water in its pure state, and it 
is commonly spoken of as “bound” water. 

Any variations in the concentrations of substances in solution and 
any changes in the water-binding capacity of the colloids that take 
place as a result of normal physiologic or of pathologic processes mav 
affect the degree of force with which the water is bound. Thus there 
is the possibility (Gortner,^) that a shifting takes place, either back- 
ward or forwai'd, in the degree of water-binding, and that this may have 
some bearing on biologic processes. 

The conception of some of the earlier workers was that part of the 
water in the tissues is bound and that the remainder is free ; but accord- 
ing to more recent theories, all the water in the tissues is liound. and 


Submitted for publication, June 13, 1931. 

*From tbe Otho S. A. Sprague Memorial Institute, the Department of 
Pathology and the Douglas Smith Foundation for Medical Research, University 
of Chicago. 


1. Gortner, R. A. : 
1929. 


Outlines of Biochemistry, New York, John Wiley S: Sons. 
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changing conditions ai¥ect only the force with which it is bound.” The 
method employed to determine bound and free water in the present 
experiments, however, is applicable under either of these two conceptions. 

METHODS 

Determinations of Bound and Free Water. — The fact is recognized that the 
colloids and dissolved materials in water hold it with tenacit}'^, resisting any force 
that tends to pull the water away. In the present method of making determinations 
a definite and constant desiccating force is used that tends to withdraw the water. 
The more firmly the water is bound the less, of course, can be removed. That 
part that can be withdrawn under a standard desiccating force is called free and 
the remainder, which is retained, is termed bound water under these conditions. 
This is an arbitrary distinction, but so long as the del^drating force is constant 
this distinction serves in any series of comparative tests. 

The method of Rubner,^ termed the “heat of fusion of ice” method, is used. It 
consists in placing a known amount of specimen, usually about 0.5 Gm., in a 
prepared tinfoil container of known weight, freezing the material at a constant 
temperature of — 20 C. for several hours, transferring the specimen and container 
to a calorimeter where a determination is made of the number of calories of heat 
required to melt the ice formed within the tissues. This determination is based 
on the fact that to melt 1 Gm. of ice without raising its temperature requires 80 
calories of heat. calculation, the amount of freezable water per gram of solid 
is determined. The final step in the process is to dry the material to constant 
weight for total water content. The difference between the two values indicates 
the amount of bound water in the specimen. 

In the freezing process an efficient desiccating force is provided, since at tem- 
peratures below zero water tends to leave the colloids and dissolved materials to 
form ice crystals of pure water. 

A detailed description of this method has been given by one of us (Dr. Robin- 
son •‘). The process is applicable to both liquids and solids. 

Care of the Dogs. — In the earlj' experiments, the dogs were used as received 
from stock. Later, it was found that especial precautions had to be taken in their 
care and feeding because of unaccountable variations in the water content of the 
tissues. Each dog, therefore, was kept in a separate kennel and given food and 
water by the same attendant and at regular intervals. Care also was taken to 
avoid large changes in the temperature of the room. No animals were used until 
kept_for one month. 

Administration of the Anesthetic. — Blood drawn from dogs under ether anes- 
thesia fluctuated so greatly in its water relations that the results could not be used. 
Sodium barbital was therefore used in all the experiments reported. In some of 
the early work, barbital was inj ected intravenous^’-, but fluctuations in water content 
of the blood persisted. However, when the anesthetic was given by stomach tube 
three or four hours before the experiment, no appreciable variations in water 
content occurred. Approximately 0.15 Gm. per kilogram of weight in 100 cc. of 

2. Briggs; D. R. : J. Rhys. Chem. 35:2914, 1931; also another article to be 
published in the same journal in January, 1932. 

3. Rubner, M. : Abhandl. d. k. preuss. Akad. d. Wissensch., phys.-math. KI., 
1922, no. 1, p. 1. 

4. Robinson, William: J. Biol. Chem. 92:699, 1931. 
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water was used. At the time of the experiments, the animals were sleeping heavily 
and could be manipulated without being disturbed. Chart 1 shows the constancy 
of the water relations of the blood under these conditions during one and one-half 
hours. The symbols used on the charts are explained on page 5. 

Control Determinations . — Control determinations were made for each dog used. 
Both arterial and venous blood was withdrawn under aseptic conditions from the 
dog one week before the experiment and under conditions closely similar to those 
of the experiment. Samples of blood were taken approximately every fifteen or 
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Fig. 1. — Typical control determinations of total free (F) and bound 

water (B) of arterial (A) and venous (V) blood, with red cell counts (C). For 
further explanation of charts 1 to 9, see text page 5. 

twenty minutes for about one and one-half hours. The dog was then given an 
intravenous injection of 500 cc. of 10 per cent dextrose to hasten recovery from 
the anesthetic. The effect of intravenous injections of dextrose on barbital -anes- 
thetized dogs had been noted by Johnson, Lighthill and Luckhardt,^ who found 
that they could not keep dogs asleep under barbital while dextrose was being 
administered. 

5. Johnson, C. A.; Lighthill, J. A., and Luckhardt, A. B. ; J. A. M. A 95* 
576, 1930. 
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Tlie blood thus drawn showed almost uniform values throughout the period. 
Chart 1 is typical of these control determinations that were made with each 
experiment. 

The follo\ying week, when the dog was to he submitted to the crucial test, it 
was again placed under conditions closely similar to those of the experiment, and 
blood was again withdrawn at least twice for a second and partial control. Gen- 
erally it was found that the water relations had not altered appreciablj' during the 
interval of the week. Again chart 1 is typical of all the control experiments. 

ExperUncntal Technic. — In all the experiments reported, blood was withdrawn 
from the left femoral artery and from the right femoral vein. These were exposed 
in order that the blood might he taken quickly. A cannula in the right carotid 
was attached to a manometer to record blood pressure. Blood was withdrawn in 
a syringe and at once transferred to petrolatum-coated tinfoil containers, which 
were then placed in glass vials and the vials corked, weighed and frozen. 

^\'^hen muscle was used, it was taken irom a foreleg, and the exposed muscics 
were kept covered with hot, moist packs. For each test an entire muscle was 
dissected ; thus the blood supph' to the other muscles was least disturbed and the 
minimum amount of blood lost during removal. 

For hemorrhage, blood was withdrawn in most instances from the left femoral 
artery in amounts varjdng from 100 to 200 cc. depending on the size of the dog. 

For shock due to trauma, the left hind leg of the anesthetized animal was 
traumatized by blows from a 2-pound (0.9 Kg.) padded hammer, struck hard 
enough to bruise the soft parts without breaking bones or skin. The method is 
described by Parsons and Phemister,® When the left hind leg was traumatized, 
the arterial blood was collected from the left carotid artery; and as mentioned 
above the muscle was taken from a foreleg. 

For the effects of histamine, doses of 2 cc. of 0.05 per cent histamine were 
injected into the left jugular vein. 

THE CIIART.S AND TJIE TABLE 

Charts. — Triplicate determinations were made for every value shown on the 
charts. However, only the average of these is used, because of the large number 
of values that appear, and because deviations from the average were tisuallj" small. 
Deviations from the average do not nccessariH indicate inaccuracies in measure- 
ment, since it should not be assumed that similar specimens taken from a tissue 
will all have the same total and bound water content. The e.xtent of deviations 
from the mean was determined with a 10 per cent solution of gelatin in water. 
This was allowed to cool, small cubes were cut from the “gel” and determinations 
made in the usual manner. The average total water content was 8.344 Gm. per 
gram of dry gelatin, with a deviation of dbO.OOl Gm. ; the bound water was 1.210 
Gm., with a deviation of ±0.006 Gm. It is therefore possible to obtain a fair 
degree of accuracy in this method. 

In the charts the values for total, free and bound water are shown in grams per 
gram of dr}' weight. To find the value of water as a percentage of total weight, 
the number of grams of Avater is divided by itself plus 1 Gm. for dry weight and 
multiplied by 100. Thus, to convert the value 3.24 Gm. of water per gram of dry 
weight to a percentage basis ; 

100 = 76.4 


6. Parsons. E., and Phemister, D. B. : Surg.. Gynec. & Obst. 51:196, 1930. 
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Percentage values for free and bound water are calculated on the basis of total 
water, and are obtained by dividing any value shown by the number of grams of 
total water and multiplying by 100. 

The indications of the symbols used on the charts are as follows : 

B P, blood pressure 

A T, total water of arterial blood 

V T, total water of venous blood 

M T, total water of muscle 

A F, free water of arterial blood 

V F, free water of venous blood 

M F, free water of muscle 

A B, bound water of arterial blood 

> V B, bound water of venous blood 

M B, bound water of muscle 

A C, red blood cells of arterial blood 

V C, red blood cells of venous blood 

The values for arterial blood are shown on the solid lines, those for venous 
blood on the broken lines and those for muscle on the dotted lines. 

Table . — The values given in the table are shown in double columns, as “grams 
per gram of dry weight” and as “percentages.” In the percentage columns, the 
total water is calculated on the basis of total weight, and the free and bound water 
values on the basis of total water. 

VARIATIONS IN W^ATER RELATIONS OE THE BLOOD WITH CHANGES 
IN CONCENTRATIONS OF RED BLOOD CELLS 

A count of red blood cells was usually made each time blood was 
drawn. In the control period, the numbers remained fairly constant, 
but at the time of the crucial test they were frequently found to vary 
considerably. To determine what effect such fluctuations would have 
on the water relations of the blood the following experiment was con- 
ducted and repeated. 

Freshly drawn heparinized blood was centrifugated; the plasma 
and corpuscles were, separated, and mixtures of various concentrations 
of plasma and corpuscles were made as shown along the bottom of 
chart 2. Blood cell counts were made on mixtures containing up to 
8,000,000 cells ; the correlation between count and concentration is 
indicated by the oblique line. 

The total water content of the plasma was found to be 91.6 per cent 
while that of the corpuscles was 66.3 per cent. In mixtures of two 
systems having such a wide difference in water .content it would be 
expected that total water would be affected by changing the concen- 
trations of the corpuscles ; and this relation is shown in chart 2 by the 
solid line marked “total water.” Variations in free water were closely 
similar to those of total, as appears from the broken line. The per- 
centage of bound water in plasma was 17.6 per cent and that in the 
corpuscles 28.9 per cent; it will be seen that varying concentrations of 
corjDuscles had little effect on the amount of water bound. 



874 


ARCHIVES OF PATHOLOGY 


The two upright lines and P 2 mark off a section in which lie 
concentrations of red blood cells with counts from 3,500,000 to 8,000,- 
000. Within these concentrations, the total water ranged from 86 to 
76.4 per cent with a similar change in free water, while for bound 
water the change in values was almost negligible. 



Fig. 2. — Values for total, free and bound water at various concentrations of 
red blood cells. The oblique line represents the correlation between the count and 
the concentration of red blood cells. 

ALTERNATING WATER RELATIONS OF BLOOD AND MUSCLE 

When specimens of muscle as well as of blood were taken, it was 
usually found that when a change in the total water of the blood was 
effected, the total water of the muscle was made to vary in the opposite 
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direction. These , alternating values of the two tissues were found to 
concern largely changes in free water. 

This effect is shown in charts 3, 4 and 5. It will be noted in chart 3 
that when an increase in the percentage of total water of the blood 



Fig. 3. — Effect of hemorrhage on the water relations of blood and muscle. 

occurred, as after hemorrhage, a corresponding decrease took place in 
the water content of the muscle. The reverse movement is shown in 
chart 5 ; this occurred during “spontaneous” shock, when water left the 
blood and at the same time water entered the muscle. A similar move- 
ment followed the injection of histamine, but space does not permit the 
demonstration of this change in the chart. 
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The effect of a change in the total water of one tissue acted quickly 
to produce the reverse movement in the other tissue. 

FLUCTUATIONS IN THE WATER CONTENT OF BLOOD AND MCSCLE, 
POSSIBLY DUE TO MUSCULAR ACTI\'ITY 
In our early series, when the dogs were anesthetized on the experi- 
mental table, a considerable amount of intermittent struggling occurred 



TlfAt Cminutc») 

Fig. 4. — Effect of trauma to the leg on the water relations of blood and 
muscle. 

during the experiment. Regularly, in such cases, it was noted that tie- 
quent fluctuations in the values of total, free and bound water occuried 
in the blood and muscles. A typical case is illustrated in chart 6, where 
a change of 1.2 per cent is shown to occur in the total water of the 
arterial blood and of 4.9 per cent in that of the venous blood. Bound 
water varied as much as 7.2 and 13.5 per cent, respectively. 
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In general, no alternation was noted here between the water content 
of the dissected muscle and that of the samples of the circulating blood 
taken at that time. It is possible that localized alternation occurs, but 
in our experiments this effect was probably obscured by the irregular 
and generalized activity. 

No struggling took place, however, later, in the series, when the 
animals were given the anesthetic from two to three hours before the 
experiment began. These dogs were sleeping heavily when placed on 



Fig. 5. — Changes in the water relations of blood and muscle during a spontane- 
ous fall iii blood pressure. 


the table. In these later cases, moreover, no variations in the water con- 
tent were observed ; the almost uniform values obtained are shown in 
chart 1. 

The assumption is therefore made that strenuous muscular activity 
may affect the water relations of the muscles and also of the blood. 
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EFFECTS OF HEMORRHAGE 

The effects of hemorrhage were observed on six controlled animals. 
Blood was withdrawn usually twice, several minutes apart, and in 
amounts ranging from 100 to 200 cc., according to the size of the dog. 
The percentage of total water of both arterial and venous blood increased 
regularly after the first, and sometimes following the second, withdrawal. 
This phenomenon is shown in charts 3 and 7. 



Fig, 6. — Fluctuations in the water relations of blood evidently the result of 
muscular activity. 

In the experiment illustrated in chart 7, in which a dog weighing 
11 Kg. was used, increases in total, free and bound water in the blood 
were shown to take place after each hemorrhage. The total water of 
both arterial and venous blood rose from 4.1 to 5 Gm. per gram of dr}' 
weight, which is an increase from 80.2 to 83.4 per cent. The free and 
bound water increased in smaller amounts, their sum in grams per gi-am 
of dry weight at any point being equal, of course, to the value shown for 
total water. 
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Specimens of muscle in addition to blood were taken in the experi- 
ment illustrated in chart 3, in which a dog weighing 12 Kg. was used. 
The percentage of total water is shown to increase in the blood following 
hemorrhage, but at different rates in the arterial and venous blood. 
Similar changes are seen for free water, while the bound water values 
for arterial and venous blood var}'- alternately. 

With muscle, the effect of hemorrhage was evident in a general fall 
in total, free and bound water. The total water content fell from 3 to 



Tir'lE' tminuteij 

Fig. 7. — Effect of hemorrhage on the water relations of blood. 


1.7 Gm. per gram of dry weight, or from 75 to 63.2 per cent, being a 
loss of 11.8 per cent. This is a commonly observed phenomenon, namely, 
that hemorrhage causes a desiccation of the tissues other than blood, the 
water of the tissues, especially of the skeletal muscles, passing into the 
blood to replace its lost volume. The passage of water from the skeletal 
muscles to the blood was, in this ' instance, largely a transfer of free 
water; but at the same time, the bound water fell in a similar manner, 
though in a smaller proportion. 
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Blood pressure fell from 96 mm. of mercury to 67 and 50 mm., 
respectively, after the first and second withdrawals, to regain a pressure 
of 74 mm, forty minutes later. 

EFFECTS OF THE INJECTION OF HISTAMINE 

These tests were made for comparison of the effects with those 
resulting from traumatism of a limb. In this series, four dogs were 



Fig. 8. — Effect of injection of histamine on the water relations of blood. 

used. The changes typically found are shown in chart 8. Quickly fol- 
lowing the first injection of histamine, the total water content of both 
arterial and venous blood fell from 3.3 to 3 Gm. per gram of dry weight, 
which was a decrea.ie of about 2 per cent of water. A partial recovery 
took place, and at the time of the second injection another, but less 
marked, fall occurred. These fluctuations were largely changes in free 
water. Blood pressure fell in a characteristic manner after each injec- 
tion and was followed b}'^ a slow and incomplete recoveiw. which always 
failed to reach the normal level. 
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The red blood counts typically rose from a normal value of about 
5,760,000 to about 6,080,000 after the first injection, and increased af tex- 
tile second and third injections until a count as high as 8,400,000 had 
been reached. This, of course, is to be expected after the marked move- 
ment of water from the blood to the tissues that follows the injection of 
histamine. 

In all cases in which specimens of muscle were taken for analysis of 
water content before and after injection of histamine, it was found that 
the muscle gained at about the same rate that the blood lost water. 

EFFECTS OF TRAUMA 

The six dogs used in this series may be separated into two groups 
according to the initial effect of trauma on the water content of the 
blood. The effect in the first group, which consisted of four dogs, is 
represented by chart 9. This was an experiment on a normal dog weigh- 
ing 14 Kg. After the first series of blows, the total water content of 
both arterial and venous blood gradually fell from 3.5 to 3.2 Gm. per 
gram of di*}'^ weight, which was a loss of 1.5 per cent of total weight. 
However, following the second trauma, the outgo of water from the 
blood ceased, and a rapid rise began. During the next thirty minutes, in 
which a third series of blows was given, the water rose to approximately 
4 Gm.. an immediate increase of 3.5 per cent of total weight, and a 
net increase of 2. per cent over the initial value. 

This movement of water was usually of free water, the bound water 
remaining almost constant, although in one animal the bound water rose 
after the second trauma from 0.35 to 1 Gm. per gram of dry weight, an 
increase of 9.3 per cent of total water. The blood pressure fell slightly 
following the first trauma and while the water was leaving the blood. 

In the experiment illustrated in chai't 4. the blood pressure fell about 
20 mm., but regained most of this before the second trauma. A much 
greater fall occurred after the second and third series of blows, when 
the pressui'e dropped from about 144 to 30 mm. of mercury in about 
thirty minutes. Counts of red blood cells were not obtained in all cases. 
When taken, they indicated a slight concentration at the time of tlie first 
trauma coincident with the loss of water and fall in blood pressure. 
Counts also showed a dilution when the blood regained water, as is seen 
under conditions of hemorrhage. 

During the period of trauma, which lasted for from one to three 
hours, the traumatized leg always became markedly discolored and swol- 
len. This phenomenon was also noted by Parsons and Phemister ® in a 
large series of experiments on trauma to the leg, and thev observed that 
the swelling was accompanied by a progressive fall in blood pi'essure. 
They weighed both the traumatized and the normal leg and found that 
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the injured one was much the heavier. On dissection, they found the 
tissues of the traumatized leg to be edematous and engorged with blood. 

Further effects of severe trauma rvere shown in the second group, 
which consisted of two dogs; here a rise instead of a fall occurred in the 
total water of the blood following the first series of blows. This is 
shown in chart 4, the animal used weighing 21.4 Kg. The increases of 
2.5 per cent that took place in the total water of the arterial blood and 



of 2 per cent in that of the venous blood at the termination of the test 
were similar to those seen in the first group of dogs. Bound water 
increased 8.7 per cent in the arterial and 4.4 per cent in the venous blood 
after the second series of blows, but fell somewhat at the end. 

Specimens of muscle were taken in this experiment, and as usual 
were cut from the left foreleg, the trauma being administered to the 
right hind leg. The alternating values of the water contents of the 
blood and muscles noted in a previous section as a general phenomenon 
are seen also in this chart, which shows that as the proportion of water 
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of the blood rose that of the water of the muscles fell. The change was 
largely in the free water content. 

Blood pressure fell slightly after the first trauma, recovered almost 
completely and fell again following the second series of blows from 
nearly 120 to about 40 mm. of mercury. The number of red blood cells 
decreased in the manner usually noted following hemorrhage. 

OTHER “shocklike” CONDITIONS 

A case of “spontaneous” fall in blood pressure is included to show 
the changes in the water relations that ensued. The experiment is 


Maxhmun Changes That Occur in the Water Relations of Blood and Mitsele 
Following Hemorrhage, Injection of Histamine and Trauma to the Leg 



Total Water 

Tree Water 

Bound Water 



Gm. 

Percent- 

Gm. 

Percent- 

Gm. 

Percent- 



per Gm. 

age of 

per 6m. 

age of 

per Gm. 

age of 



Dry 

Total 

Dry 

Total 

Dry 

Total 

Comment 


Weight 

Weight 

Weight 

Water 

Weight 

Water 

Xormal arterial blood 

4.11 

80.4 

S.37 

82.0 

0.74 

18.0 


1 hr. after hemorrhage 

4.78 

82.7 

3.99 

84.4 

0.92 

19.2 


Normal venous blood 

3.SG 

79.4 

2.87 

74.4 

0.99 

25.6 

See chart 3 

1 hr. after hemorrhage 

4.44 

81.6 

3.53 

7y.5 

0.91 

20.5 

Normal muscle from foreleg 

.3.00 

75.0 

2.37 

79.0 

0.63 

21.0 


1 hr. after hemorrhage 

1.77 

03.2 

1.54 

89.5 

0.18 

10.5 J 


Normal arterial blood after 

3.3S 

77.2 

2.89 

S5.5 

0.49 

14.5 1 


injection of histamine 

3.01 

75.1 

2.57 

85.4 

0.44 

14.G 1 

1 

See chart 8 

Normal venous blood after 

3.32 

76.8 

2.85 

85.9 

0.47 

14.1 


injection of histamine 

3.01 

75.1 

2.52 

83.7 

0.49 

16.3 ; 


Normal arterial blood 

4.05 

80.2 

3.06 

75.6 

0.99 

24.4 


1% hr. after trauma 

4.77 

82.7 

3.49 

73.2 

1.28 

26.8 


Normal venous blood 

4.04 

80.1 

2.95 

73.0 

1.09 

27.0 


1% hr. after trauma 

4.53 

81.9 

3.26 

72.1 

1.26 

27.9 1 

See chart 4 

Normal muscle 

2.45 

71.0 

1.58 

64.5 

0.87 

35.5 


1% hr. after trauma 

2.07 

67.4 

1.26 

60.9 

0.81 

39.1 . 



represented in chart 5 . When the animal had been anesthetized, and 
specimens of blood and muscle were being taken, a steady fall in blood 
pressure, from 150 mm. to 120 mm. of mercury was noted. The 
decrease continued for forty-five minutes; at that time it had reached 
92 mm. A slight recovery occurred, but terminated in a fall to 60 mm. 
During the first fall in blood pressure, the total water of both arterial 
and venous blood decreased from 78.4 to 76.8 per cent, while the water 
of the muscle increased from 71.1 to 74.2 per cent, indicating that a loss 
of liquid from the blood to the fixed tissues was involved in the fall of 
blood pressure. In about fifty-five minutes, the blood began to gain and 
the muscles to lose water, associated with which occurred a temporary 
rise in blood pressure. Some fluctuations in the bound water occurred 
during the period, but the changes were mostly in the free water. 
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Tlie cause of the circulatory failure in this animal is not obvious. It 
occurred in one of the earlier experiments in which the sodium barbital 
was injected intravenously, a preliminar}- dose of morphine having been 
administered hypodermically. In this dog, the muscle for analysis was 
removed from the abdominal wall instead of from the foreleg, and the 
peritoneum was injured, in one place being torn so that the intestines 
extruded. 

While the question of circulatory failure resulting from abdominal 
operation is not within the scope of this report, the changes shown in 
this experiment were similar to those noted in so-called surgical shock, 
and showed that when the water left the blood, it entered the muscle. 

COMMEKT 

In these experiments, the circulatory embarrassment or failure that 
occurs after hemorrhage, trauma to an extremity or injection of his- 
tamine was followed b}' quantitative determinations of the total, free 
and bound water in the circulating blood and skeletal muscles. This 
method of studying water relations is reported as an adjunct to the 
investigation of the physiologic and pathologic changes involving blood 
volume, edema and dehydration. 

Previous to this stud}’, the method had not been employed over a 
period of time, with changing conditions in the blood or other tissues; 
consequently, no other results are available for comparison. Values for 
total water content alone evidently do not give an adequate picture of 
the changes that occur. Such data, however, ma}’ haA’e more signifi- 
cance when accompanied by determinations of the degree with which 
the water is bound by the colloids and dissolved substances present. 

In the control tests, when blood was Avithdrawn from the dogs, with- 
out disturbing them, during a period of from one and a half to two 
hours, it was found that the total, free and bound water of the blood 
and muscles remained practically constant throughout the period. In 
addition, similar values were found one Aveek later. Avhen the animals 
AA’ere again tested. This uniformity AA’as obserA’ed over a period of a 
week in numerous cases, and leads to the conclusion that it is a normal 
condition. Any changes in Avater content, therefore, such as those that 
are demonstrated to follow hemorrhage, trauma and injection of hista- 
mine. appear to have some significance, although the observed changes 
are usually not more than from 3 to 5 per cent. 

Clianges in the water content of blood or muscle, Avhich may appear 
to be small Avhen calculated on a percentage basis, may ncA’ertheless 
represent a proportionately large volume of Avater. For instance, in a 
10 Kg. dog, the muscle of which, containing 75 per cent AA'^ater, makes up 
45 per cent of the total weight of the dog. a change of 5 per cent in 
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the water content of the muscle would involve a movement of 225 cc. of 
water. In the case oi the blood, containing 80 per cent water and making 
up about 7.7 per cent of the total weight of the dog, a change of 5 per 
cent in the water content would mean a change in volume of 38.5 cc. 

The relative proportions of water in the muscle and in the blood are 
approximately as 225 is to 38. Therefore if, say, 5.9 per cent of the 
water of the blood should move to the muscle, it would raise the water' 
content of the muscle by only 1 per cent. 

A comparison of values for free and bound water in tissues obtained 
by different investigators seems to be of limited worth, because the 
values are derived by methods that have not been standardized. The 
various methods employed at present in the study of bound water 
have recently been discussed b}^ Briggs.^ However, it is noted here that 
Hill,® using a vapor pressure method, found about 97 per cent of the 
total water of the blood to be free water, in that it could act as a solvent 
for salts; he found the same percentage of free water in the muscles. In 
the determinations reported here, the amount of free or freezable water 
at — 20 C. varies in the control animals from 65 to 85 per cent. 

Compensation for a nonfatal hemorrhage soon sets in ; the plasma in 
the blood is renewed, and the blood regains its normal volume within a 
few hours, in slight hemorrhage. The red blood corpuscles and the 
hemoglobin, however, are restored more slowly, requiring a number of 
days or several weeks. The rapidity with which the plasma is restored 
is shown by the increase in the total water content of the blood. The 
increase is largely in freezable water, but there is also an appreciable 
rise in bound water. The water, in large part, comes from the muscles, 
as shown by a decrease in the water present there. The rate at which 
the interchange of fluids takes place indicates that the water is loosely 
bound in a ph)'^sical sense, and that the walls of the blood vessels are 
c^asily permeable. 

Tl],^ action of histamine appears to be on the capillary wall, which 
Krogh ” claimed to be actively contractile and to have an intrinsic tone 
that can be modified by nervous and chemical influences. The dilation 
of the capillaries produces a stasis in the capillary bed and permits extra- 
vasation of the plasma. The circulating blood shows a concentration of 
corpuscles and a decrease in water content, the low blood volume produc- 
ing the fall in blood pressure. Dale,*” one of the discoverers and first 
investigators of histamine, pointed out the resemblance of certain states 
of traumatic shock to the effects of injection of histamine. 

7. Briggs (footnote 2). 

8. Hill, A. V.: Proc. Roy. Soc. London, s. .B. 106:477, 1930. 

9. Krogh, A. : The Anatomy and Physiology of Capillaries, New Haven, 
Conn., Yale University Press, 1924. 

10. Dale, H. H. : Bull. Johns Hopkins Hosp. 30:257, 1920. 
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“Traumatic” shock (so-called because it is a secondary shock that 
usually develops slowly following an injury with little or no obvious 
hemorrhage) has been the subject of much investigation. The studies 
of the Medical Research Committee during the Great War were sum- 
marized in a monograph by Cannon. The' experimental method that 
produced a low blood pressure and other phenomena most nearly similar 
to the condition seen in the injured soldier consisted in traumatizing one 
of the posterior extremities of an animal. The theory that the com- 
mittee thought satisfied the findings was that of traumatic toxemia. This 
presumes the formation of a toxic substance in the bruised or injured 
tissue, which enters the blood stream to produce a capillary dilatation 
and the resultant lowering of blood pressure. Since histamine is a toxic 
substance that acts in this manner when injected into the blood, the toxic 
agent was thought to be histamine-like. 

Recently the theory of traumatic toxemia has been questioned, and 
further investigations have failed to prove the presence of a toxic agent 
either in the circulating blood or in the traumatized tissue of an animal 
the e.xtremity of which has been injured. Parsons and Phemister" 
repeated the experiments of Bayliss and Cannon on a large number of 
dogs and found that traumatism of the limb is accompanied by a general 
anemia and a corresponding increase in the limb volume, which is largely 
due to hemorrhage into the damaged tissues. They found no evidence 
of a toxic, blood pressure-lowering substance, and considered it prefer- 
able to speak of hemorrhage or of shock due to hemorrhage, rather than 
to use the term “shock” when acute loss of blood in open or closed 
wounds is the cause of marked circulatoiy failure or embarrassment. 

Blalock,^- using the same experimental method, found that blood 
pressui'e could not be reduced to the shock level b}’ trauma to a posterior 
extremity without causing the loss of a sufficient part of the blood 
volume into the traumatized area to account for the decline in pressure. 
He found a greater proportionate loss in plasma than in red cells, which 
accounted for the concentration of the blood elsewhere. The important 
demonstration by Keith and others of the reduction in the amount 
of the circulating blood in secondary shock has not been sufficiently 
emphasized in explaining the condition, although it has been used as a 
basis for the treatment of persons suffering from secondary shock. 

11. Cannon, W. B. : Traumatic Shock, New York, D. .Appleton and Company, 
1923. 

12. Blalock, Alfred: Arch. Surg. 20:959. 1930. 

13. Keith, N. B. : Medical Research Committee, Reports of the Special Investi- 
gation Committee on Surgical Shock and Allied Conditions: IX. Blood Volume 
Changes in Wound Shock and Primar}’- Hemorrhage, London, His Majesty’s Sta- 
tionery Office, 1919, Special Report Series, no. 27. 
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In comparing the changes in the amount of water in the blood fol- 
lowing trauma to the leg with the changes after injection of histamine, 
it is seen that in a number of animals there is a similarity, in that an 
initial decrease takes place in the water in the circulating blood. This 
is explained in the case of the injection of histamine on the basis of 
capillar}’- dilatation with increased capillary permeability. 

In the case of injury to the leg there is a localized erythema with 
capillary dilatation immediately following the hammering of the leg. 
It is assumed that a loss in plasma takes place before the extravasation 
of erythrocytes occurs. Actual hemorrhage into the swollen tissues of 
the leg is a slower process. In our experiments, the effect was hastened 
by a second trauma, after which occurred a marked swelling of the leg 
and a fall in blood pressure. The circulating blood became diluted, the 
muscles lost water, and the result was a more watery blood — a condition 
that exists after hemorrhage. In the animals in which the injury to the 
leg was followed immediately by an increase in the water content of the 
circulating blood, the blows of the hammer were probably sufficient 
actually to rupture vessels, so that bleeding occurred rapidly into the 
tissues of the leg, producing the characteristic water changes after 
hemorrhage. 

CONCLUSIONS 

A study has been made of the water content of the blood and muscles 
in respect both to total water and to water in the “free” and in the 
“bound” state, in animals under the influence of hemorrhage, histamine 
and trauma. The observations show that with hemorrhage there is a 
compensatory transfer of water chiefly in the “free” state from the 
muscles to the blood. In “histamine shock,” the fall of blood pressure is 
associated with, and perhaps is partly the result of, a transfer of water 
from the blood to the muscles. In “shock” produced by severe trauma- 
tism to a leg, the evidence indicates that with minor trauma there is in 
some cases a loss of fluid from the blood to the muscles associated with a 
fall in blood pi'essure, and that with major trauma the picture is that of 
hemorrhage, in that there is a dilution of the blood remaining in the gen- 
eral circulation with water withdrawn from the muscle. These observa- 
tions are in support of the work of Parsons and Phemister and others 
which indicates the importance of the loss of blood in traumatized tissue 
in causing tbe fall of blood pressure noted after severe traumatism. 

summary 

In hemorrhage, injection of histamine and shock due to hemorrhage, 
an alternation exists between the water content of the blood and that 
of the skeletal muscles. That is, under these conditions, when an 
increase occurs in the water of the blood, a decrease takes place in the 
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water the muscles, and vice versa. The changes are almost simul- 
taneous, and in some cases seem to be proportionate. 

Generalized muscular activity produces slight but frequent fluctua- 
tions in the water content of both blood and muscles, sometimes increas- 
ing and at other times decreasing tiie percentage of water present. The 
alternation noted in the j^receding jjaragraph was not observed under 
these conditions. 

A hemorrhage of from 200 to 300 cc. of blood in dogs weighing from 
10 to 14 Kg. produces an increase in the percentages of the total and 
free water contents of the blood. I'hat this indicates a dilution of the 
blood is shown by the decrease in the ciwthrocyte count. .A fall in the 
total, free and bound water in the mu.scles accompanies the rise in the 
water of the blood. 

The sudden fall in blood pressure that follows the injection of hista- 
mine is accompanied by a decrease in the total and free water of the 
blood and small changes in the bound water. The circulating blood 
becomes concentrated, as shown by both the decrease in water content 
and the increase in the erythrocyte count. With the loss of water from 
the blood occurs a rise in the water of the muscle. 

In trauma to the leg. i‘n some dogs, the water in the blood is 
decreased after the first trauma, owing to passage of water from the 
blood to the general skeletal muscles, and is increased following a second 
trauma, probably because of the rupture of blood vessels and consequent 
internal hemorrhage. In other dogs, no preliminary concentration of 
the blood occurs, but a dilution as is seen in hemorrhage. In all dogs, 
after the traumatized leg has become markedly swollen, there occur an 
increase in the water of the blood, a decrease in that of the muscles 
distant from the trauma, and a decrease in the number of circulating 
ervthroci’tes. indicating hemorrhage in the limb. The condition at the 
end of the experimental trauma shows water relations similar to those 
that follow hemorrhage. 



NONSYPHILITIC AORTIC VALVE DEFORMITY * 


B. J. CLAWSON, M.D. 

MINNEAPOLIS 

There are two kinds of nons3'^philitic diseased aortic valves : those 
with active vegetations and those that are deformed from thickening 
and roughening due to scar tissue and. in many cases, to calcium 
deposits. 

The term valve defect was used by Libman ' and others to denote 
a healed condition of the valve in contrast to active inflammation of the 
cusps as seen in acute rheumatic or bacterial endocarditis. 

Healed aortic valve deformities are sometimes incorrectly diagnosed. 
Not infrequently the stigma of syphilis is unfairly attached to a person 
who has an aortic valve deformit}', nonsyphilitic in origin. Both 
clinicians and pathologists make diagnoses of arteriosclerotic valve 
deformity. The concept of an arteriosclerotic aortic valve deformity 
depends, in general, on the work of Monckeberg - who, after studying 
aortic valves in which there was extensive calcification, decided that 
the process bringing about the change in the cusps was the same as 
that found in the intima of the aorta in senile arteriosclerosis. 
Monckeberg held the opinion that the arteriosclerotic process extended 
from the aorta to the valves by way of the sinus of Valsalva. His 
observations suggested that the change in the cusps was most pro- 
nounced at the angle where the cusps and the aorta join. Margolis, 
Ziellessen and Barnes ® concluded that the etiology and pathogenesis 
of this type of valve lesion could not be determined with certainty, 
but that clinical and anatomic data indicated that in some cases the 
lesion may have an inflammatory basis, whereas in others it ma}' be 
the result of a noninflammator}', degenerative process. 

The frequenc}'^ of cases coming to autopsy with a healed calcified 
nodular aortic valve lesion and the diversity of opinions among intern- 
ists and pathologists concerning the frequency, etiology and patho- 
genesis of these lesions led to a stud\" of healed aortic valve deformitie.'^ 

* Submitted for publication, July 9, 1931. 

* From the Department of Patholog 3 % Universit}’ of Minnesota. 

1. Libman. E. : The Clinical Significance and Course of Subacute Bacterial 
Endocarditis, Brit. M. J. 2:30, 1920. 

2. Monckeberg, J. G. : Der normals histologische Ban und die Sclerose dcr 
Aortenklappen, Virchows Arch. f. path. Anat. 176:472. 1904. 

3. Margolis, li. M. ; Ziellessen. F. O., and Barnes. A. R. : Calcareous .•\ortie 
Wlvular Disease, .'\m. Heart J. 6:349, 1931. 
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in autopsy material of the department of pathology at the University of 
Minnesota. In this study special emphasis was placed on the so-called 
arteriosclerotic valve as described by Monckeberg.^ This type of aortic 
valve deformity was called the calcified nodular type by Clawson and 
Bell in a former paper.^ 

An effort is made in this woi'k to see if arteriosclerosis of the 
valve is ever of a degree severe enough to be responsible for cardiac 
failure, and to determine, if possible, the etiology and pathogenesis of 
calcified nodular aortic valve deformity. This t3-pe of lesion will be 
spoken of as the calcified nodular aortic valve deformity, to distinguish 
it from the syphilitic aortic valve deformity and from the healed non- 
calcified rheumatic lesions of the aortic valve. 

The calcified nodular type of aortic valve deformity deserves con- 
sideration from two angles: (1) the frequency of the lesion with 


Table 1. — Degree of Stowsis in Sixly-Eighl Cases of Calcified Nodular Aortic 

Valve Deformity 




Oases 

X 

Per Cent 

Degree ot Stenosis 

Xumber 


0 

C 


9.0 

•4" 

17 


25.0 

++ 

10 


23.5 

+++ 

29 


42.5 

Total 

CS 


100 


Grade + is the least stenosis -which can be detected anatomically. Grade +++ is the 
most severe stenosis; with such a degree the aortic orifice is almost closed. Grade ++ is 
intermediate between grades + and +++. 


aortic insufficiency or stenosis and (2) the etiology of the lesion. 
The former consideration is of much significance to the internists, and 
the latter chiefly concerns the pathologists. 

FREQUENCY 

Aortic insufficiency is generally admitted to be a not infrequent 
condition. Aortic stenosis has been looked on as a condition that 
seldom occurs. Osier ® referred to it as rare. My findings are not in 
agreement with this idea. 

In the autopsy material that I studied there were represented 253 
deaths due to lesions of the cardiac vaUes, and in 161 (63.6 per cent) of 
the cases there was aortic valve deformity, either alone or in association 
with deformities in other valves. Ninety-three (57.7 per cent) of the 
cases in which there was aortic valve deformity were of the Monckeberg 

4. Clawson, B. J., and Bell, E. T. : 'Valvular Diseases of the Heart, Am. J. 
Path. 2; 192, 1926. 

5. Osier, W. : The Principles and Practice of Medicine, New York, D. Apple- 
ton and Company, 1925, p. 831. 
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type, or what I have called the calcified nodular type. In 90 per cent 
of the cases in which there was aortic valve deformity alone, it was of 
the calcified nodular type. In the cases in which the aortic valve 
deformity was severe, the calcified nodular type was the one generally 
found. 

The frequency of a relatively marked grade of stenosis was high. 
Table 1 shows the degree of stenosis found in 68 cases examined from 
the 93 cases presenting calcified nodular valve deformities. 

It is seen in these 68 cases of calcified nodular aortic valve 
deformity that some degree of stenosis is present in 62 (91 per cent). 
Stenosis of grades -| — [- and -| — | — [- can generally be detected by 
physical signs (based on the histories of the cases). It appears that 
about 66 per cent of the cases of calcified nodular aortic valve deformity 
show aortic stenosis clinically. It becomes evident from the foregoing 
figures that at least 38 per cent of all nonsyphilitic aortic valve deformi- 
ties or 24 per cent of all nonsyphilitic old valve defects will show 
stenosis clinicall)^ This frequency is much higher than is generally 
believed. The frequency of stenosis with aortic valve deformity may 
even be greater than 38 per cent, since it is possible to have an aortic 
stenosis with noncalcified aortic valve deformity. This, however, in my 
experience, is not common, since a nonsyphilitic aortic valve deformity 
of marked severity usually becomes calcified. It should be borne in 
mind that aortic stenosis is common. This is of significance to the 
internist in making a diagnosis of the type of valve injury in a case 
in which death is due to valve deformity. Regurgitation is commonly 
associated with the stenosis, but stenosis occurring alone is frequent. 

ETIOLOGY 

There has been much discussion concerning the origin and patho- 
genesis of the calcified nodular aortic valve deformities. Some 
observers believe that the thickened, calcified aortic cusps are the end- 
result of repeated attacks of rheumatic valvulitis with scar formation 
and calcification similar to that in inflammatoi*}'^ scar tissue in other 
valves and in other parts of the body. Others look on the aortic 
lesions as a pure metabolic process. Monckeberg - considered the 
changes in the valves a part , of the phenomenon of arteriosclerosis. 
Libman also described the lesions as arteriosclerotic in origin. The 
lesions in the 93 cases concerned here are studied from both the infec- 
tious and the metabolic angles to see which of the two factors seems 
more likely to be the etiologic agent. In attempting to arrive at the 
probable etiologic basis, important data can be collected from the his- 
tories of the cases, such as age and a history of acute rheumatic fever, 
and from the autopsies, such data as evidence of pericarditis, the con- 
dition of the arch of the aorta, frequency of defects of other valves 
and the gross and microscopic structures of the valves themselves. 



892 


ARCHIVES OP PATHOLOGY 


Those wlio believe that these calcified nodular valve deformities are 
due to faulty metabolism, which results in calcification of the thickened 
cusps independent of an associated inflammation, stress the fact that 
this condition in the aortic valve is most common in older people. It is 
therefore assumed that these lesions are part of a senile process. 

In order to study the relation of calcified nodular aortic valve 
deformities to age, a comparison of the age incidence of the calcified 
nodular aortic deformih' is made with the age incidence of valve 
deformities that did not jjresent the calcified nodules in the aortic cusps. 
By referring to figure 1 it is .seen that death occurred in the group 



Aqe in decades 

Big. 1. — Age incidence of calcified nodular aortic valve deformity (93 cases). 

with the calcified nodular aortic valve deformities most frequently in 
the sixth and seventh decades (43 per cent). In only 26 per cent of the 
group did death occur in the second, third and fourth decades, while 
in 74 per cent it occurred in decades 5 to 9. Yet it is to be observed 
that 47 per cent of the persons in this group died by the time they 
were 50 3 ’-ears old. The disease, obviously, cannot be considered 
entirel)" a disease of old age. 

Figure 2 shows the ages at which death occurred most frequently 
in 160 persons not having calcified nodular aortic valve deformities. 
The greatest number of deaths occurred in the fifth decade, or about 
15 years earlier than in the group with calcified nodular aortic valve 
deformities. Fort 3 ’^-four per cent of the group without the calcified 
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aortic valves died in decades 1 to 4, while 56 per cent died in decades 
5 to 8. It is evident that death occurs at an older age in the group 
with calcified nodular aortic valve deformities than in the group in 
which such aortic deformities are not present. The question arises 
whether senile disease is the deciding factor in the pathogenesis of the 
valve deformities in this group or whether persons in this group live 



Fig. 2. — Age incidence of old rheumatic valve deformity (160 cases). 

longer because the aortic valve is chiefl}'^ involved and Ijecause the left 
ventricle can stand an aortic lesion better than a mitral lesion. This 
question is apparently partly answered by referring to figure 3, which 
is based on 34 of the 93 persons with the calcified nodular aortic valve 
deformity. These 34, besides having the aortic lesion, also had a mitral 
valve deformity of greater or less degree. The greatest number of 
these 34 died in the fifth decade instead of in the sixth and seventh 
decades, as did the greatest number of the 93 having the calcified 
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nodular aortic valves. The percentage of those d 3 dng before the fifth 
decade was 35 instead of 26, and the percentage of those who died in 
decades above the fourth was 65 as comjjarcd with 74. The important 
thing to be observed in comparing figures 1 and 3 is that with mitral 
involvement death talces place at ati earlier period than when the aortic 
valve alone is involved. It is also to be noted in observing figure 1 that 
these calcified nodular aortic valves can be present in relatively young 



Fig. 3. — Age incidence of calcified nodular aortic deformity associated with 
mitral lesion (34 cases). 

people, 1 per cent in the second decade, 7.5 per cent in the third decade 
and 18 per cent in the fourth decade, or 47 per cent in the first five 
decades. It is strongly suggested that the reason old persons so com- 
monly have the aortic calcified type of lesion is because persons having 
the aortic valve deformity as the chief valvular lesion can live longer, 
because their hearts can comjjensate longer, than when the main lesion 
is on the mitral valve. 

The condition of the arch of the aorta strongly suggests that the 
calcified nodular condition of the aortic valves, in most cases, begins 
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rathei* early in life. The smoothness of the intima is a conspicuous 
finding in at least 90 per cent of the cases. It is apparent that these 
deformed valves in some way offer a protection to the aorta and lessen 
the chance of the development of arteriosclerosis. Since the degree of 
senile arteriosclerosis of the aorta is decidedly less in persons with cal- 
cified aortic valve deformities than in persons of a similar age without 
them, it seems evident that the injury to the aortic cusps begins in most 
cases early in life. The fact that the calcified nodular aortic type of 
lesion is common in old persons cannot be used as evidence to indicate 
that such aortic lesions are due to metabolic changes that occur chiefly 
in old persons. 

An objection sometimes offered to the theory of infection in the 
etiolog}" of calcified nodular aortic valve deformities is that the evidence 
of acute rheumatic fever in the group is slight. It is therefore nec- 
essary to inquire concerning the frequency of rheumatism in these cases. 
Three things indicative of previous attacks of acute rheumatic fever 
are a positive history of rheumatism, evidence of nonspecific peri- 
carditis (acute or healed) at autopsy .and the association of rheumatic 
lesions on one or more of the other valves. Rheumatism, as indicated 
by a positive history or by evidence of a previous pericarditis, or by 
both, Avas present in 49 per cent of the 160 cases of the noncalcified 
nodular type of old A^alve deformity and in 40 per cent of the 93 cases 
of the calcified nodular valve deformit}'^, or nearly as frequently in the 
latter as in the accepted old rheumatic cases. No group of noncardiac 
cases coming to autopsy would have as high an incidence of adherent 
pericardium as is found in this group of cases of calcified nodular aortic 
valve deformity. 

The association of rheumatic lesions, acute or healed, in one or 
more of the other vaNes also suggests that the calcified nodular aortic 
valve deformity, as well as the deformities on mitral, tricuspid or pul- 
monary vah^es, may be due to infection with the rheumatic Aurus. Four 
of the persons Avith calcified nodular aortic valves had acute rheumatic 
vegetations on the mitral A^ah'^e. There Avere healed lesions in the mitral 
vah^e in 34 of the 93 persons Avith calcified nodular aortic A'^alves. 
Three not included in this series of 93 had bacterial vegetations 
engrafted on the calcified nodular aortic valves. 

The frequent evidence of previous attacks of rheumatic fcA^er in the 
group Avith the calcified nodular A'-ah^es Avould seem to support the infec- 
tious rather than the metabolic nature of the A’-ah'e changes, especiall}'^ 
since the incidence of rheumatic fcA'er is practically as great as in the 
group in Avhich the rheumatic Aurus is regularlv accepted as the etio- 
logic agent. 

GROSS STRUCTURES OF THE A'^ALA'ES 

Another approach tOAvard information concerning the etiolog}^ of 
these calcified nodular aortic A'ah'e deformities is to stud}' the gross 
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appearance of the valves. An estimation of the degree of diffuse 
thickening of the cusps is important. Sixty-eight of the 93 hearts were 
preserved and were available for careful study. The degree of diffuse 
thickening in the cusps in these 68 hearts is shown in table 2. 

It is to be observed that all but 2 of the 68 hearts showed some 
degree of diffuse thickening of the cusps. In about 80 per cent there 
was a severe degree of thickening. Typical arteriosclerotic changes 
were commonly found in all the A^alves, especially in the mitral; but 
thickening of the cusps was not associated with the arteriosclerotic 
changes. On the other hand, repeated attacks of rheumatic A^alvulitis 
definitel}'- bring about thickening. It seems reasonable to assume that 
the diffuse thickening in the cusps in the calcified nodular type of valves 
is most probably due also to attacks of rheumatic valvulitis, since the 
calcified nodular valve deformity is tlie outstanding type when the chief 
involvement is in the aortic vah'^e. 


Table 2. — Degree of Diffuse Thickening of the Cusps in Calcified Nodular Aortic 

Valves in Sixty-Eight Cases 


Degree 

Xumber 

Cashes 

Per Cent 

0 

2 


3.0 

4* 

J2 


17.3 

+ *r 

2.-i 


37.0 

+++ 

29 


-12.3 

Total 

CS 


100.0 


Grade + indicates a rclatlvelr sinall amount of tliicL'ening. Grade +++ is an e-vtreine 
degree of thickening, and grade ++ is intermediate. 


Another gross anatomic consideration of importance in studying the 
etiology of vaWe deformities is Avhether the cusps are fused one to 
the other. In the 68 hearts examined, fusion of the cusps from a slight 
to an extreme extent Avas present in 88 per cent. It AA'as often extensive 
enough to cause seA'-ere stenosis. This fusion suggested an inflam- 
matory rather than a metabolic basis for the changes in the A'^alves. 

The location of the calcified nodules in the cusps is considered 
significant by some obserA^ers. Monckeberg - emphasized the fact that 
in his cases the nodules Avere on the aortic surface of the cusps. This 
suggested to him that the process Avas carried OA’^er from the aorta, 
because the fibrous layer of the cusps on the aortic side Avas a con- 
tinuous structure Avith the aorta. In our cases, the relative frequency 
of the calcified nodules on the aortic side alone, on the ventricular 
side of the cusps alone,' or on both sides Avas as shown in table 3. 

It is seen that the frequency of nodules on the aortic surface alone 
Avas greater than on the A'-entricuIar surface alone, but neither condition 
Avas common. A greater frequency on the aortic surface would be 
likel}'-, regardless of the etiologic factor, since the aortic half of the cusp 
consists of a denser structure and vessels are to be seen in this half 
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much less frequently. Calcification occurs in tissues poor in blood 
supply. The frequency of the nodules existing within the cusps and 
extending outward so as to be evident on both sides is high, 88 per cent. 
The location of the calcified nodules in the thickened cusps does not 
seem in any way to support the arteriosclerotic basis for the etiology 
of the valve deformities as suggested by Monckeberg.^ The location 
of the nodules in the thickened cusps, on the other hand, fits in with an 
inflammatory process with scar formation that becomes calcified. 

The location of the calcified nodules in relation to the angle joining 
the aorta and the cusps was considered important by Monckeberg. He 
believed that the angle was the usual location of the nodules and thought 
that the nodule was continuous with the arteriosclerotic process in the 
aorta. Acute rheumatic vegetations are generally found on the ventricular 
surface of the cusps at about one third the distance from the free 
margin to the base of the cusps. In the cases of calcified nodular 
aortic valve deformity that I studied, the nodules were in the angle in 
23 per cent: In the remaining 77 per cent of the cases, they were 


Table 3. — Location of Calcified Nodules on Aortie Cusps in Sixty-Eight Cases 


Aortic Surface Alone 

Ventricular Surface Alone 

Both Surfaces 

/“ " "“V 

Number Per Cent 

t ' A — ^ 

Number Per Cent 

Number 

Per Cent 

7 10 

1 1.0 

CO 

8S 


located chiefly in the level that is most frequently attacked by acute 
rheumatic vegetations. The location of the calcified nodules on the 
aortic cusps seems to favor an infectious rather than a metabolic process 
as the etiologic factor in producing the calcified nodular type of valve 
deformity. 

Nothing in the gross structure of the valves seems to indicate an 
arteriosclerotic or a metabolic basis for the anatomic change. On the 
other hand, all changes noted are what might be expected in a healed 
scarred area due to inflammation. The gross appearance of the calci- 
fied nodular aortic valves does not seem to bear any relation to arterio- 
sclerosis, but it does bear a definite resemblance to the gross structure 
of calcified mitral valve deformities, which are generally accepted as 
being the result of rheumatic infection. 

MICROSCOPIC STRUCTURE OF THE VALVES 

The calcified nodular valves were studied microscopically, and the 
structure was compared with that of valves the defects of which were 
known to be of rheumatic origin. In a previous study, Clawson and 
Bell found the microscopic appearance in old rheumatic valves to vary 
from stages in which the polyblastic cellular reaction was almost as 
active as in acute rheumatic valvulitis, to those in which practically 
nothing was left but a hyalinized scar. A polyblastic cellular reaction 
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in which var 3 -ing numbers of mononuclear and polynucleated polyblasts 
with various degrees of activity arc found is a definite indication of an 
inflammatory process. The calcified nodular valves in 35 cases were 
studied microscopically. In 22 (63 per cent) there was a definite poly- 
blastic type of reaction. In 13 (37 per cent) the structure consisted 
of a scar without evidence of an active inflammation. This relative 
proportion of active polyhlastic reactions to definitely healed scars is 
practically the same as that found in old rheumatic mitral valves. The 
polyhlastic reaction seems evidently not to be a foreign body reaction, 
due to the presence of calcium in these valves, for the reaction bears 
no definite relation to the position of the calcium. The reaction may be 
pronounced in the absence of calcium or there may be large deposits 
of calcium without any pol 3 'blastic cellular reaction. 

One of the most conspicuous things noted in a healed scarred old 
rheumatic valve is the presence of blood vessels. Blood vessels are not 
seen in normal aortic cusps h 3 '^ microscopic examination. Vessels easily 
seen with the microscope develop in old rheumatic scarred valves evi- 
dentl 3 '- as a result of inflammation. Thirt 3 '^-five valves of the calcified 
nodular type were examined microscopically for the ]wesence of blood 
vessels. In 32 (91.5 per cent) blood vessels large enough to be seen 
easil 3 ^ with the low power lens were present. These blood vessels, like 
the polyhlastic cellular reaction, bore no relation to the position of the 
ealcium. The presence of bone was not uncommon. This appeared 
to be a result of inflammation. Osseous tissue is not infrequently 
encountered in healed pulmonaiy tuberculous lesions. Cholesterol 
ciystals, so conspicuous in the intima of arteries in arteriosclerosis, were 
not found in an 3 " of the 35 valves examined. 

The microscopic structure of the calcified nodular aortic valves was 
similar to that of valves with defects known to be due to rheumatic 
inflammation. There was no resemblance to the structure of arteries 
with arteriosclerosis. The changes seemed evidentl 3 " to be due to 
inflammation of rheumatic origin and not to a metabolic or to an arterio- 
sclerotic process. 

COMMENT 

Ninet 3 ^-three cases of calcified nodular aortic valve deformit 3 f were 
compared with 160 cases of noncalcified nodular valve deformit 3 c The 
purpose of this comparison was to obtain information in respect to the 
frequenc 3 \ the etiology and the pathogenesis of the calcified nodular 
aortic valve deformit 3 '^ (the so-called arteriosclerotic valve). 

The calcified nodular t 3 ’pe of aortic valve deformit 3 '^ is of common 
occurrence. In fact, this type is the usual one -on the aortic cusps. 
Stenosis of the aortic ring is frequentl 3 ' found. Clinicalh' a diagnosis 
of aortic stenosis should be made. If it is not, a high percentage of old 
valve deformities will not be properh'- diagnosed. 



CLAWSON— AORTIC VALVE DEFORMITi' 


899 


The time at which death occurs in this group does not seem to be 
of any significance in respect to the etiology of the process. While it 
is true that death occurs at a later age in persons liaAdng the calcified 
nodular aortic valve deformity than in those having healed mitral 
lesions, yet it is to be observed that nearly half of such persons die by 
the time that they are 50 years old. The reason that this type of valve 
lesion is more common in old persons than the noncalcified nodular type 
■seems to be explained by the fact that a heart with an aortic lesion will 
compensate longer than a heart with a mitral deformit}'-, or with an 
aortic and a mitral deformity, and by the fact that aortic valve defoi'mi- 
ties of severe involvement are generally of the calcified nodular type. 

The gross findings in these valves, such as diffuse thickening and 
fusion of the cusps, and the location of the calcified nodules in the cusps, 
all tend to support the inflammatory rather than the metabolic basis for 
the changes in the valves. Likewise, the microscopic structures, as the 
polyblastic cellular reaction, the presence of blood vessels within the 
injured cusps and the absence of cholesterol crystals, strongly support 
the infectious basis in the etiology of the calcified nodular aortic valve 
deformities. There does not seem to be any indication for considering 
the changes in the valves as due to a metabolic process such as arterio- 
sclerosis. 

SUMMARY 

Aortic valve deformities of severe involvement are usually of the 
calcified nodular type. 

An aortic stenosis of severe grade is a common finding with this type 
of valve deformity. Clinically, a diagnosis of aortic stenosis should 
frequently be made. 

The reason the calcified nodular type of aortic valvular deformity is 
so common in older people seems to be that the heart will compensate 
better with an aortic deformity than with a mitral deformity and most 
severe aortic valve deformities are of the calcified nodular type. 

The frequenc}^ of rheumatism in these cases, as indicated by a pre- 
vious positive histoiy, by the presence of an adherent pericardium or by 
an association of deformities in other valves, strongly suggests an infec- 
tious basis for the calcified nodular valve deformity. 

The gross and microscopic structure of these calcified nodular aortic 
valves indicates that the process is infectious. 

There seems to be no support for the metabolic theoiy of the struc- 
tural changes in these valves. 

It is doubtful whether a valve deformity severe enough to cause 
cardiac insufficiency is ever due to a metabolic disturbance such as 
arteriosclerosis. 

The term arteriosclerotic valve deformity should not be used in 
describing valvular insufficiency or stenosis. 



HOMOLOGOUS LIVER AS A STIMULUS TO HEPATIC 

REGENERATION * 

FRANK A. McJ UNKIN, M.D. 

AND 

HERBERT C. BREUHAUS, B.S. 

CHICAGO 

A normal regenerative capacity is often demonstrable in both spon- 
taneous and experimental lesions of A-arious parenchymal organs. That 
control is exercised by the body as a Avhole is shown by the constant 
ratio of body Aveight to organ- Avcights, The stimulus that initiates the 
regeneration and the control mechanism that stops it are often imper- 
fectly understood. In neoplastic growth the tumor cells are not under 
the complete control of the regulatory mechanism that limits prolifera- 
tion. Once the blastoma has arisen the failure of the host to limit its 
groAAdh is apparently due to a defect in the tumor cell, since successiA^e 
hosts behaA’e similarly to the transplanted tumor. The exact character 
of the defect and its method of origin arc not known. Although various 
factors playing roles in blastomatous and nonblastomatous groAAth are 
known, the ultimate mitotic stimulus and its reactions within the cell 
are unknown. Our experiments were made to test the effect of the 
I3MC products of a cell on its regeneration. 

Much infoi-mation has been obtained in I'egard to the stimulant 
action of A'arious tissue deriA’atiA’es on cells proliferating in Autro. 
Carrel and Baker ^ found that the regeneration of skin of the guinea-pig 
Avas much accelerated by the addition of proteose and other primary 
derivatiA'-es of protein to the tissue culture mediums. To these investi- 
gators especially is due the knowledge that polypeptides stimulate cell 
groAvth. The addition of other substances, such as vitamins, to cul-‘ 
tures of sarcoma tissue caused no acceleration of growth. Carrel ' 
stated that groAvth-promoting substances of the general nature of 
polypeptides are present in the A-^arious organs, and that they may be 
manufactured b}^ leukoc3Tes from fibrin and cell debris in inflam- 
matory processes and wounds. Hammet ^ has extensiA'^el3’^ ini'esti- 
gated the stimulant effect of compounds containing the sulplB^diyl 

* Submitted for publication, July 20, 1931. 
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group, and is of the opinion that this chemical group alone is active 
in the promotion of growth. Voegtlin and Chalkley ^ added glutathione, 
which is a tripeptide containing the sulph 3 ’^dryl group to a nonnutrient 
medium of Amoeba, proteus and observed an increase in the rate of 
proliferation. Such findings suggest that the stimulus for cell regenera- 
tion is of a chemical nature. Gurwitsch ^ recently advanced the theory 
that cell division is stimulated ultraviolet rays given off by living cells. 

Within the bod}'', the cells are evidently in an environment more 
complex than in the tissue culture. The plasma in which the body cells 
are bathed may contain not only growth-promoting substances, but also 
inhibitory agents active in the regulation of cell growth. In fact 
Carrel " recognized an inhibitory effect of plasma that increased with 
the age of the animal. In spite of this complex situation, the composi- 
tion of the plasma may be varied by the enteric or parenteric adminis- 
tration of various substances. This Loeb ® performed in the case of the 
thyroid gland by feeding guinea-pigs subjected to partial thyroidectomy 
with thyroid gland. The result was that the regenerative activity 
of the thyroid remnant was inhibited. Potassium iodide, on the other 
hand, not only failed to inhibit compensatory hypertrophy, but actually 
stimulated it." Although small amounts of protein may pass through 
the intestinal wall unchanged, most of it is subjected to extensive lytic 
changes, and only the less complex compounds, such as thyroxine, reach 
the blood stream. In our experiments, parenteric administration was 
employed in order to eliminate the digestive action of the gastro- 
intestinal tract. The experiments may be divided into two general 
groups, the first consisting of partial hepatectomies and ligations and 
the second of intraperitoneal injections of crushed liver into animals 
otherwise normal. The white rats used in all of the experiments were 
obtained originally from the Wistar Institute, and during the past several 
years had been inbred to a considerable extent. All animals were kept 
on the same adequate uniform diet. 

REGENERATION OF HEPATIC CELLS AFTER HEPATECTOMY AND 
AFTER LIGATION OF THE LIVER 

The operative procedure for both the partial removals and the 
ligations was simple. A 5 cm. length of linen tape, 4 mm. wide, was 
folded, and the middle portion pushed up beneath the diaphragm and 
the uppermost of the three left lobes. One of the free ends of the 
ligature was then carried toward the left, encircling the lobes to be 

4. Voegtlin, C., and Chalkle}^ H. W.: Pub. Health Rep. 45:3041, 1930. 

5. Gurwitsch, A.: Arch. f. Entwcklngsmechn. d. Organ. 100:11, 1923. 

6. Loeb, L.: J. M. Research 41:481, 1920. 

7. Loeb, L. : J. M. Research 40:199, 1919. 
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ligated, and the other end was pressed into the large fissure separating 
these lobes fi'oin the' remainder of the liver. The ligature was then 
drawn tight and tied. In this way, the circulation to the three left 
lobes was shut off. In the hepatectomies, the ligated lobes were cut off 
close to the ligature. The total mortality at first reached 20 per cent, 
but later was decreased somewhat with some variation according to 
subsequent procedures. Usually when the animals were alive and doing 
well on the third day, they continued so. The restoration of the liver 
to its normal weight after partial hepatectomy is quite well understood. 
Higgins and Anderson ® and Higgins and Priestley ® found that the 
liver was restored to its normal weight in about three weeks after the 
removal of from 65 to 75 per cent. These investigators determined 
the actual weight of the regenerating liver at stated periods after the 
hepatectomy. The weight is influenced by the blood content and the 
amount of other cellular elements, esiDCcially of reticulo-endothelium and 
erythroblasts. Since we were especially interested in the hepatic cells, 
their mitotic activity \yas determined directly. At the termination of the 
experiment the entire liver was fixed in 10 per cent formaldehyde, and 
blocks were cut at right angles to the large surfaces so as to include 
both the thick diaphragmatic portion and the thin margins. With die 
mechanical stage, all mitoses in two or three sections were enumerated, 
and the average per section was set down in tables. 

Not only were mitoses absent in animals that died from the experi- 
mental procedures, but they were usuall}' absent in animals killed while 
obviously sick. In the dog, autolytic liver has been found to be highly 
toxic, with fatal results following the intraperitoneal injection of 
100 Gm. Andrews and Hrdina made a careful study of the fatal 
peritonitis produced by injections of livei*, and reviewed the work of the 
earlier investigators of the lesion. The peritonitis consisted of an out- 
poiudng of sanguineous fluid containing little pus and little fibrin, which 
was associated with an overwhelming gas bacillus infection. They 
interpreted the fatal peritonitis as the result of some toxic agent con- 
tained in both autolyzed and fresh liver that created a great increase 
in the permeability of the bowel to Bacillus welchii and a rapid infection 
of the liver. The)'- found the toxic factor to be water-soluble and 
thermostabile and regarded it as a proteose or a peptone. Apparently the 
rat is much less susceptible to invasion by Bacillus welchii, but in many 
of our dead animals an appearance in the peritoneal cavity identical 

8. Higgins, G. M., and Anderson, R. M. : Proc. Staff Meet., Mayo Clin. 5:243, 

1930. 

9. Pliggins, G. M., and Priestley, J. T. ; Proc. Staff Meet., Mayo Clin. 6 : 249, 

1931. 

10. Andrews, E., and Hrdina, Leo: Surg., Gynec. '& Obst. 52:61, 1931. 
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with that described in the dog was found. Had we found a decrease 
in regeneration in the animals that received liver, the results would not 
have been easy to interpret, on account of the possible toxic effect of the 
peritonitis. 

The weight of the three left lobes represented from 30 to 45 per 
cent of the total weight of the liver. On the first and second days after 
the removal of this amount of liver few mitoses were found. After this 
time, regeneration developed and continued moderately active for two 
weeks (table 1). AVith the exception of rat 128, none of the rats 
presented numerous mitoses. The large number of mitoses in rat 128 
was not explained. For the eleven animals in this group the average 
number of mitoses was 5.3 per section, as compared with an average of 
0.04 for thirty-two normal rats (table 2). In our normal rats I'elatively 
few mitoses were present. In rats weighing under 150 Gm. (table 2, 

Table 1. — Cell Mitoses in Livers of Rats Subjected to Hepatcctoiny 


Weight, Days Poilowing 


Rat Gm. Hepateetomy Mitoses* 

104 120 7 1.0 

106 125 3 0.0 

113 1.50 4 0.0 

115..... 230 5 0.0 

US 200 9 0.5 

125 145 .3 1.5 

127 ISO 0 1.0 

12S 210 9 45.5 

129 205 9 S.O 

130 305 2 0.5 

131 215 9 0.5 


* Average number in sections, 

nos. 142, 143, 148, 147, 149, 150, 187, 191, 192, 193, 194 and 195), 
1 or 2 mitoses were found; the largest number was 5. In a majority 
of the normal rats no mitoses were present in the two or three sections 
examined. The experiments show that the removal of about one third 
of the liver is followed, after the first three or four days, by a mitotic 
activity greater than that seen in normal, young, actively grow- 
ing rats. Early in the work the effect of local trauma on the liver 
was studied b)’- snipping small bits from the edge and surface of the 
Imer (first twelve rats in table 2). In rat 24, 1 or 2 mitoses per section 
were found, but these were not in the vicinity of the wound. The hepatic 
cells manifested no tendency to regenerate, when injured locally, and in 
this respect they differed from the epithelia of the skin and mucous 
membrane surfaces. 

The ligations were identical with the partial hepatectomies, except 
that the ligated lobes were not remor'ed. A small amount of blood 
passed through the ligature, since certain structures, including some of 
the bile ducts, remained alive in the periportal tissue. However, prac- 
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ticall}^ all of the ligated liA^er was necrotic at the end of twent)f-four 
hours and at the end of two days showed distinct evidence of solution. 
In from three to five days, the trabeculae of the hepatic cells were largely 
dissolved. Since there were no gross breaks on the surfaces of the 
ligated lobes, it seemed likely that the dissolved substances passed into 
the general circulation through the blood vessels not completely closed by 
the ligature. In this way, the dissolved liver entered the general circu- 
lation and was carried to the intact portions. In the thirteen rats 


Table 2. — Cell Mitoses hi Livers of Rats Subjected to Local Snipping of Hepatic 
Tissue and in Livers of Normal Rats 


Rat 

Weight, 

Gm. 

Days Following 
Local Injury 
to Liver 

Mitoses* 

Comment 

10 


O 

0.0 

Snip 

21 


1 

0.0 

Snip 

24 


s 

1.0 

Snip 

29 


1 

0.0 

Sn.p 

37 


1 

0.0 

Snip 

46 


1 

0.0 

Snip 

Cl 


2 

0.0 

Sn.p 

62 

262 

3 

0.0 

Snip 

C3 

106 

3 

0.0 

Snip 

6.1 


4 

0,0 

Snip 

66 


2 

0.0 

Snip 

68 

240 

4 

0.0 

Snip 

142 

94 


0.0 

Normal 

143 



0.0 

Normal 

148 

160 


2.0 

Normal 

147 



2.0 

Normal 

149 



5.0 

Normal 

150 



0.5 

Normal 

181 

220 


0.5 

Normal 

182 

200 


0.0 

Normal 

184 



0.0 

Normal 

185 



0.0 

Normal 

180 



0.0 

Normal 

187 



0.0 

Normal 

188 



0.0 

Normal 

189 



0.0 

Normal 

190 



0.0 

Normal 

191 

99 


0.0 

Normal 

192 

114 


1.0 

Normal 

193 



0.0 

Normal 

194 



0.5 

Normal 

195 

105 

. , 

0.0 

Normal 


*Average number in sections. 


(table 3) the average number of mitoses per section was 11.1 as com- 
pared with 5.3 in the rats with hepatectomies. Perhaps the most notice- 
able difference seen in a comparison of tables 1 and 3 is the regular 
presence of 3 or more mitoses from the third to the fourteenth day in the 
rats with ligations. 


EFFECT OF INJECTIONS OF HOMOLOGOUS LI\nER ON REGENERATION 
OF HEPATIC CELLS AFTER HEPATECTOMY 

The method of preparing the liver for injection through a large, 
short needle with a lumen 1.5 mm. in diameter -was to remove the entire 
liver aseptically and crush it with a pestle in a sterile mortar. Some- 
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times the addition of a few drops of distilled water was necessary to 
bring the macerated mass to the proper consistency for injection. The 
hepatectomy was performed by the method described. On the second 
day, the macerated liver was injected intraperitoneally into all the rats 
(except rat 169), and into four of the rats a second dose was injected. 
The results, shown in table 4, were the most decisive obtained. With the 
exception of a heavy older rat (no. 169), all the rats showed the hepatic 

Table 3. — Cell Mitoses in Ligated Livers of Rats 


Weight, Days following 


Bat Gm. Ligation Mitoses* 

lOS 140 3 7.0 

110 212 5 4.0 

111 225 20 0.0 

112 170 14 3.0 

120 190 4 7.0 

121 190 1 0.0 

122 210 G 3S.0 

123 190 7 26.0 

124 190 7 3.0 

135 200 S 6.0 

138 215 9 27.0 

141 203 0 21.5 

144 224 28 3.0 


* Average number in sections. 


Table 4. — Cell Mitoses in Livers of Rats Subjected to Hepatectomy and Treated 

by Injection of Homologous Liver 


Days 

Weight, Following Amount Macerated Liver 


Bat Gm. Hepatectomy Injected, Gm. Mitoses* 

155 210 5 7.0 (2nd day) 7.0 

156 225 5 7.0 (2nd day) 38.0 

157 235 7 7.0 (2nd day) 5.5 

158 150 7 7.0 (2nd day) 64.0 

160 150 S 12.5 (2nd and Gth days) 205.0 

162 182 9 6.5 (Gth day) 344.0 

163 190 9 12.5 (2nd and Gth days) 156.0 

169 .380 11 15.5 (5th and 7th days) 0.0 

172 220 12 15.5 (2nd and 8th days) 297.0 


* Average number in sections. 


cells actively proliferating, and in the nine rats the average number of 
mitoses was 124 per section. In none of the rats with simple hepatec- 
tomies or ligations did the number reach 100. In single fields seen under 
the high power dry lens, more mitoses were usually present than in entire 
sections of the livers of rats not treated by injection of liver, from which 
the same percentage of liver had been removed (table 1). In some 
fields almost one-half the hepatic cells were in kat^mrrhexis. So far as 
could be determined from the relatively small number of animals in the 
series, the hepatectomized rats withstood the injections approximately as 
well as the nonhepatectomized normal rats of the same weights. 
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EFFECT OF INJECTIONS OF HOMOLOGOQS LIVER ON HEPATIC CELLS 

IN NORMAL RATS 

An attempt was made to induce proliferation in the hepatic cells of 
normal rats by injections of livei*. When 6 Gm. or more of crushed liver 
was injected aS a single dose into the peritoncar cavities of rats weigh- 
ing from 150 to 200 Gm., a considerable mortality resulted from the 
serosanguineous peritonitis. In general, the normal rat tolerated the 
large doses scarcely as well as the hepatectomized animals. In rats 
weighing about 200 Gm. that were given an injection of 6 Gm. of 
liver, mitoses usually were not found (table 5), In live rats weighing 
under 175 Gm. each of which had I'eceived two doses of 6 Gm. or more, 
mitoses were found. In normal, untreated rats of this iveight, mitoses 
were usually not found in the routine examination of two sections. 

Table S. — Cell Miloses in Livers of Normal Rais Trcalcd by Itijcclioii of Liver 


Durntion of 

Wciglit, Observa- Amount Mncerntecl 

Rat Gm. tion, Days Liver Injected, Gm. jMito.'cs* 

351 132 7 32.0 (1st and ttl) days) 3.5 

152 ISO 8 32.0 (l.st and ttli dnj’s) 8.3 

151 3C4 7 11.0 (1st and Itli daj-s) 2.3.3 

174 305 9 15.0 (1st and 5th days) S.O 

170 170 7 33.5 (1st and 4th days) 1.0 

377 200 4 0.0 (Ist day) 0.0 

179 200 7 0.0 (1st day) 

180 325 4 7.5 (1st dnj’) 0.0 


* Average number in sections. 


COMMENT 

The view is prevalent that necrotic tissue even in the absence of 
bacterial invasion is toxic. The local leukocytic reaction about necrotic 
tissue and certain systemic reactions, such as elevation of temperatui'e 
following infarction, are cited as toxic manifestations. The data obtained 
by tissue culture methods cast doubt on this conception. Carrel and 
Baker’’- showed conclusivel)'^ that the products of proteolysis, such as 
the polypejitides, are growth-promoting, although the individual amino- 
acids do not stimulate growth. In the body, where conditions ai'e less 
simple, few tissue products have been tested to determine their effect 
on specific t 3 fpes of living cells. Particulate matter, as shown by the 
intraperitoneal injection of suspensoids and also coarser suspensions, 
such as that of red blood corpuscles, quickly passes from the pei'itoneal 
cavity into the lymphatics and may reach the blood stream. Foreign 
protei3i, of course, readily enters the blood from the perito3ieal cavity. 
If one 3na3'- judge fi'om the autolytic changes observed fuicroscopically in 
the injected liver, the protoplasm of injected hepatic cells I'eaches the 


11. Carrel and Baker (footnote 1, first reference). 
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liver of the host in solution h}'- way of the general circulation. Mcjunkin 
and Matsui/“ investigating the local action of dead macerated epidermis 
on the regeneration of epidermis, found that it stimulated this regener- 
ation, and that the stimulant effect was somewhat specific, since it did 
not follow the application of macerated liver. 

It seems to us that the chief environmental difference between cells 
proliferating in vitro and those proliferating in vivo is the contact of 
the latter with a constantly changing plasma. This makes possible a 
continuous local removal by the cells of a stimulating or an inhibiting 
substance supplied to the circulating blood elsewhere. In our experi- 
ments, the dissolved protoplasm of a particular t3'^pe of cell plus any 
disintegration products formed from such cells was added to the plasma, 
and within the liver it stimulated mitosis. The substance presumably 
acts as a chemical stimulus or as a physicochemical excitant. The cur- 
rent explanation offered for regeneration of parench)anal tissue is that 
of physiologic need or functional necessity. It is not apparent that the 
macerated tissues increase the functional requirements. It is more, 
plausible to view the formative stimulus as a food element. Relative 
differences between types of cells are apparent. In the skin there is an 
immediate proliferative response to correct any loss of epidermal cells. 
Carrel - held that substances such as those present in the embryo and 
among the decomposition products of fibrin and dead tissue are directly 
produced by the injury and by the subsequent action of enzymes, and 
that these substances stimulate cells to regenerate. Unlike the epidermal 
cells the hepatic cells do not regenerate in I'esponse to local injury 
(twelve rats in table 2). This difference in regenerative activity may 
be inherent in the cells, but there is an obvious difference in environment. 
Granulation tissue forms in the hepatic wound, but its vascularity does 
not equal the efficient normal sinusoidal blood suppl}^ In cutaneous 
wounds, the granulation tissue delivers an excess of blood as compared 
with the normal dermis. Here again a paliulum theory may be employed 
to explain the results, although it offers no ultimate explanation for 
cell division. In cellular metabolism specific cell products are con- 
structed from the general food supply. Based on. our experiments, cer- 
tain of these products may be recognized as specific food substances. 
The plasma may contain these specific products, perhaps only in traces, 
as well as the general nutritive substances. Higgins and Priestley ° 
emphasized the importance of increased blood in the regeneration follow- 
ing partial Iiepatectomy. An increase in blood supply would deliver 
to the epidermoid or to the hepatic cells not only additional general 
nutrition, but also added amounts of any “t3^pe-cell food” present in the 

12. Mcjunkin, F. A., and A'latsui, T. : Effect of Homologous Macerated Skin 
on the Regeneration of Epidermis, Arch. Path. 12:794, 1931. 
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plasma. With a relative increase of the latter in the plasma, the pro- 
liferation of cells might be stimulated without an increase in the blood 
supply. The greatly increased rate of regeneration in the hepatectomized 
animals treated by injection of liver over that in animals with simple 
hepatectomies is best explained by a qualitative rather than a quantitative 
change in the blood, since injections of macerated liver do not appear 
to increase the flow of blood through the liver. In the destructive 
lesions of parenchymal organs often associated with regeneration, prod- 
ucts from the necrotic parench3una enter the circulation. If it is 
assumed that the various “type-cell foods” are present in traces in the 
circulation, a decrease in the total amount of such tissue by extirpation 
would malce available a relatively greater amount of this specific nutri- 
ment for the cells in the remnant of the gland. The formative stimuli 
appear not to be of the nature of glandular secretions or hormones. 
Indeed, the experiments of Loeb ® with thyroid feeding suggest that 
such products may be inhibitory. Finall}^ it must be kept in mind that 
present knowledge does not warrant the assumption that cell regeneration 
and its control or lack of control I'ests entirely on the supply of nutritive 
elements, general and specific, or on the exhaustion of this supply. 

CONCLUSIONS 

In the rat subjected to partial hepatectomy, injections of homologous 
macerated liver greatly increase the regeneration of hepatic cells. 

Absorption of the rat’s own ligated, necrotic liver leads to some 
increase of karyorrhexis in the remnant. 

Maximum parenteral injections of homologous liver into half-grown 
rats stimulate somewhat the proliferative activity of the bh’-er. 

The dissolved protoplasm of cells (hepatic) contains a type-cell 
formative stimulant. 



ASBESTOSIS 


REPORT OF TWO CASES * 

HAROLD L. STEWART, M.D. 

CARL J. BUCHER, M.D. 

AND 

ERNEST H. COLEMAN, M.D. 

PHILADELPHIA 

Asbestos as such was known to Pliny. Charlemagne is said to have 
possessed a table cloth made of it, which was cleansed by passing through 
fire. The mineral deposits of asbestos are found in Canada, Italy, 
Africa and Rhodesia. It is a silicate occurring in minerals in combina- 
tion with iron, copper, calcium or magnesium. It occurs in the form of 
fibers which can be woven. In addition, finer particles are used in the 
manufacture of sheeting, tiles, asbestos millboard and paper. The 
increasing need for brake linings for motor cars, fireproof curtains, 
insulations, mattresses and steam packings has expanded the spinning 
industry considerably. The use of the dust in cement and plaster for 
the erection of fireproof buildings has increased the danger of inhalation 
in the most hazardous form of the industry. Its expansion from 500 
tons in 1880 to 330,000 tons in 1925 and the fact that methods of manu- 
facture have been introduced for utilizing the fine dust for new purposes 
have contributed to the beginning appearance of a pneumokoniosis due 
to inhalation of asbestos dust,^ known as pulmonary asbestosis. 

In 1906, Montague Murray - presented evidence before the Depart- 
mental Committee on Compensation for Industrial Diseases, that he 
had had under his care in 1900 a worker employed in an asbestos 
factoiy who developed respiratory symptoms and died. At the autopsy, 
extensive pulmonary fibrosis was found, which Murray attributed to 
inhalation of asbestos dust. 

In 1924, eighteen years later, Cooke ® reported a similar case com- 
plicated by pulmonary tuberculosis. He was the first to describe the 

* Submitted for publication, July 17, 1931. 

* From the Department of Pathology, Jefferson Medical College and Hospital, 
aided by a grant from the Martin Research Fund. 

1. Alerewether, E. R. A.: J. Indust. Hyg. 12:198, 1930. 

2. Murray, Montague: Departmental Committee on Compensation for Indus- 
trial Diseases, Minutes of Evidence, Appendices and Index, 1907, Cd. 3496, p. 127; 
Report 1907, Cd. 3495, p. 14. 

3. Cooke, W. E.: Brit. M. J. 2:147, 1924; 2:1024, 1927. 
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“curious bodies” in the lung now known as “asbestosis bodies,” while 
McDonald ^ worked out the histologic features. The latter believed that 
the bodies were portions of asbestos in process of alteration and absorp- 
tion by hydrolysis, with the passing of silica into a colloidal state and 
later a gel. Stewart and Ste^vart and Haddow ® showed that these 
bodies could be found in the juices expressed from affected lungs and 
could be found in the sputum by digesting it with equal quantities of 
antiformin. Lynch and Smith,® working without knowledge of this, 
demonstrated these bodies by digesting sputum with 10 per cent sodium 
hydroxide. Gloyne ^ proved by means of dark-ground illumination, that 
when the golden-yellow asbestosis body was dissolved in concentrated 
sulphuric acid, it had a central core consisting of a minute asbestos fiber. 
The asbestos fiber itself under dark-ground illumination has the appear- 
ance of a sharp piece of wire. Fibers measuring 200 microns ® can pass 
the protective mechanism of the upper respiratory tract and enter the 
lung. 


REPORT OF CASES 

Case 1. — J. M., a white man, entered the Jefifcrson Medical College Hospital 
on June 8, 1931, in the service of Dr. Edward Klopp. He complained of headache, 
abdominal distention and eructation of acid and gas. A diagnosis of chronic 
cholecystitis was made. A cholecystectomy was performed. Peritonitis developed, 
and the patient died. The history disclosed certain facts relative to asbestosis. 
The patient had worked as a spinner in an asbestos mill for nine years. Although 
the atmosphere was not very dusty, he wore silver dust protectors in his nostrils. 
For five years following such employment, he worked as a laborer. During the 
past five years, he had morning cough with moderate e.xpectoration. There was 
no history of hemoptysis or pain in the chest. He had some dyspnea and cardiac 
palpitation. Physical examination was unimportant with the exception that he had 
an emphysematous type of chest. The important roentgen observations were 
slightly increased peribronchial markings throughout both lungs and some calcific 
deposits in both root areas. The cardiac shadow appeared to be normal. The 
sputum was not examined. 

At the postmortem examination, the heart appeared normal. The left lung 
weighed 270 Gm. and the right 320 Gm. They were bluish gray, practically free 
from adhesions and crepitant throughout. On section, no gross pathologic lesion 
was demonstrable. Microscopically, there was a moderate grade of emphysema. 


4. McDonald, S. : Brit. M. J. 2:1025, 1927. 

5. Stewart, M. J. ; Brit. M. J. 2:509, 1928; 2:581, 1929. Stewart, M. J., 
and Haddow, A. C. : J. Path. & Bact. 31:172, 1929. 

6. Lynch, K. M., and Smith, W. A.: J. A. M. A. 95:659, 1930. 

7. Gloyne, S. R.: Tubercle 10:404, 1929. 

8. Wood, W. B., and Gloyne, S. R. : Lancet 1:445, 1930. 
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Some of the alveolar walls were slightly thickened. A few typical asbestosis bodies 
were seen in the alveolar walls. There w'ere scattered small collections of brown 
and blackish dust, free and within phagocytic cells, in fibrosed areas. Much of 
this dust and all of the asbestosis bodies stained positively for iron. The liver and 
the spleen were not pigmented. 

The question of the relation of pulmonary asbestosis to tuberculosis 
is an interesting one. The fact that they are frequently associated is 
settled. Whether tuberculosis becomes implanted on pulmonary asbes- 
■tosis or -wdiether the occupational disease lights up a quiescent lesion is 
a mooted question.^ It is true that when tuberculosis occurs, it is liable 
to be of an anomalous type. Gardner and Cummings “ exposed series 
of guinea-pigs to attenuated tubercle bacilli and to an atmosphere laden 
with asbestos dust and attenuated tubercle bacilli. They found, in the first 
instance, that normal guinea-pigs receiving the strain of attenuated 
tubercle bacilli showed tubercles in the lung and in the tracheobronchial 
lymph nodes comparable to the primary complex in man. The lesions 
caseated and healed by resolution. Spread of the infection with macro- 
scopic disease in other viscera was rare. On exposing guinea-pigs to 
attenuated tubercle bacilli and to asbestos dust, 32.2 per cent of one 
group of animals showed some evidence of spreading tuberculosis. New 
disease began as a local extension from primary tubercles and metas- 
tasized to areas where dust reaction had occurred. The tendency to 
healing by fibrosis was marked. Macroscopic disease in the spleen was 
common and occurred occasionally in the liver. In another group receiv- 
ing asbestos and attenuated tubercle bacilli, the localization of tubercles 
was atypical. Many bacilli were seen trapped in foci of dust reaction. 
Some produced local tubercles ; others immediately entered dilated lymph 
vessels and were carried to the tracheobronchial lymph nodes. Tuber- 
culosis of these nodes sometimes occurred without involvement of the 
lung. Early disease of the spleen and of hepatic lymph nodes occurred 
in the majority of cases. The combined action of tubercle bacilli and 
asbestosis in the lung produced more fibrosis than' did either agent acting 
independently. 

Case 2. — ^J. J., aged 52, entered a hospital in December, 1928. In 1921, he 
worked in an asbestos factory for a period of about nine months. In this factory, 
no precautions were taken against inhalation of asbestos dust. Exactly what his 
duties were was impossible to determine. On admission, he complained of fatigue, 
loss of weight and a slightly productive cough. Tubercle bacilli were demonstrable 
in his sputum at that time. On roentgen examination, a cavity in the right upper 
portion of the chest and a fine stippling in the lower portions of the lower lung 


9. Gardner, L. W., and Cummings, D. E. : J. Indust. Hyg. 13 : 65 , 1931. 
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fields suggesting pneumokoniosis were found. There was improvement ; the patient 
was discharged and continued under observation as an ambulatory patient. In 
September, 1930, he was admitted to the Jefferson Hospital for Diseases of the 
Chest, in the service of Dr. B. Gordon. He complained of tlie same symptoms as 
before. Physical examinations revealed the following salient facts : He was mark- 
edly emaciated. The chest was emphysematous in type. Expansion was much 
limited, particularly in the right upper portion, where there was lagging. Over 
the apex of the right lung, ph 3 '^sical signs indicative of a cavity were present. Over 
the remainder of both lungs, expansion was limited; tactile fremitus was increased; 
breath sounds were roughened and somewhat exaggerated, and there were numerous 
scattered rales. The area of cardiac dulness was within normal limits; the heart 
sounds were distant; there was a mitral murmur at the apex. The abdomen 
appeared to be normal. There were clubbing of the fingers and curving 
of the nails ; the skin was slightly c}'anotic. The patient left the hospital in 
March, 1931, against medical advice, somewhat improved, but he returned a month 
later with exacerbation of all his sj'mptoms and an acute respiratory infection. His 
course was progressively downward; bronchopneumonia developed, and he died, 
April 2, 1931. At no time during his stay in Jefferson Hospital were tubercle 
bacilli found in his sputum. There were a moderate secondary anemia, a, slight 
elevation of nonprotein nitrogen, and negative results from Kahn and Wassermann 
tests. On roentgen examination, Sept. 20, 1931, there was multiple small cavitation 
in the right upper lobe, and the interlobar pleura below it was much thickened. 
In the lower lobe, right, and in the middle and lower lobes, left, there was an 
increase in the markings that resembled a dust change. The heart appeared 
normal. 

At the postmortem examination, the heart weighed 280 Gm. and measured 13 
by 8 by 6 cm. The myocardium was mottled red and 3 'ellow, and appeared soft 
and dull. There were many firm, gray, translucent nodules on the free margins 
of the mitral valve leaflets. The coronaries were thickened and tortuous, and con- 
tained atheromatous plaques. The parietal pleura on both sides was thickly 
studded with small, discrete, gray, pinhead-sized nodules, firm in consistency. Simi- 
lar ones were present, but much less frequently, on the visceral pleura. Over the 
bases of both lungs, firm fibrous adhesions completely obliterated the pleural cav- 
ities. Between the bases of the lungs and the diaphragm, these adhesions were 
converted into a thick, tough, yellow, homogeneous substance having the appear- 
ance of hyaline cartilage. The right lung weighed 960 Gm. and the left 830 Gm. 
The consistency of both lungs was much increased over the normal. The bases 
were particularly firm and tough, and dark brown. The upper half of the right 
upper lobe was excavated by a large multilocular cavity. The wall of this did not 
differ in density from that of the adjacent lung tissue, giving the impression that 
the cavity had formed so rapidly that a limiting fibrous wall was not thrown out. 
The cavity measured 6 cm. across, and through it coursed man 3 '^ thrombosed blood 
vessels. It had a foul, fetid odor as of gangrene. Throughout the remainder of 
this lung there were patchy areas elevated slightly above the cut surface, gray and 
red, moist, and measuring about 1 cm. in diameter. In the left lung, in addition 
to what has already been described for it, were two round nodules, similar in 
appearance, one in the upper portion of the lower lobe and one in the lower portion 
of the upper lobe on the outer aspect near the pleura. The one in the lower lobe 
was slightB^ larger, measuring 4 cm. in diameter. It cut with increased resistance 
and on section was composed of thick, dense strands of fibrous tissue, intermingled 
with gray, cheesy material. The regional lymph node draining this area was 
similar to this nodule. There were no cavities in this lung. In many fresh smears 
examined from these caseous areas, no tubercle bacilli were found. 
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Microscopically, the parietal pleura was studded with tubercles. These were 
composed of epithelioid cells, a few lymphocytes, giant cells and fibrous tissue in 
considerable amounts. Many were hyalinized to a considerable extent. Caseation 
necrosis was practically absent. They were of the productive type, with a few 
well formed tubercles. 

The nodules in the left lung were large, caseous areas, divided up into lobules 
by strands of fibrous tissue. Sections from them and from the tubercles in the 
pleura were examined for tubercle bacilli, but none were found. In sections taken 
from the large cavity in the upper lobe of the right lung there were fresh lique- 



Fig. 1 (case 2). — A small bronchiole completely filled with cellular exudate and 
“asbestosis bodies.” The fine segmentation and the clubbed end in some can be 
distinctlj’- seen ; X dOO. 

faction necrosis, very little polymorphonuclear and lymphocytic cell infiltration, 
little hyperemia and a thin, newly formed laj^er composed chiefly of young fibro- 
blasts. 

The principal lesion of the lungs was a diffuse fibrosis, particularly marked in 
the lower lobes. In many places, the alveolar walls were markedly thickened; in 
others, the alveoli had been completely replaced by fibrous tissue. Many bronchi 
were inflamed, and there were many areas of pneumonia present. A high per- 
centage of the arteries were the seat of an obliterative endarteritis. The most 
striking feature in the lungs was the “asbestosis bodies.” They were present in 
great numbers in the fibrosed areas, in some alveolar walls and spaces and in the 
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smaller bronchial branches. Particles of them were fragmented and were seen in 
phagocytic cells. Mainly, they lay loose in small clusters with collections of poly- 
morphonuclear leukocytes and polyblasts about them, often completely occluding a 
small bronchiole or an alveolar duct. They measured roughly from 10 to 200 
microns and were golden brown. They had a varietj'- of appearances, but a char- 
acteristic morpholog}^ They were seen often as a series of regular disks very 
much as are red blood cells in rouleaux formation. Frequently a series of disks 
ended in a club form on one or on both ends. Sometimes they were seen as long 
delicate filaments ending in clubbed ends ; or again as short clubbed forms, single or 
double, suggesting a dumbbell. Occasionally, single, paired or coccal forms in 
chains were found, or even sporelike aggregations. They were present in the juice 
squeezed from the lungs. They did not stain with hemato.xylin-eosin or Gram’s 
stain. They did, however, give the prussian blue reaction for iron in varying 
degrees of intensit}^ in the main rather pronounced. In the caseous tuberculous 
areas in the left lung, these asbestosis bodies were fewer in number than in the 
adjacent lung tissue. A few were normal, but many were pale with indistinct 



Fig. 2 (case 2). — Spleen. An asbestosis body is lying in the center of the field. 
One end is clubbed; the other pointed; X ^00. 

outline. When these caseous areas had been stained for pressian blue reaction 
following the staining of them for acid-fast bacteria (carbol fuchsin saturated solu- 
tion 95 per cent alcohol, decolorization with 25 per cent nitric acid, Loeffler s 
methylene blue), the asbestosis bodies stained a pale green instead of a distinct 
blue, and their morphology was less regular, but they could still be recognized. 
In addition to the asbestosis bodies there was considerable golden-brown and black, 
granular pigment present in phagoc 3 '^tic cells. Much of this gave the .iron reaction. 

In the spleen, the reticulo-endothelial cells were loaded with a fine, amorphous 
golden-brown and sometimes blackish dust. Some of this dust was extracellular. 
A few large, typical asbestosis bodies were found. Practically every hepatic cell 
contained a few granules of a golden-j'ellow pigment. Many of the Kupffer cells 
contained considerable quantities of -light golden-yellow and blackish granules of 
pigment. About the portal radicles it was common to see a few cells loaded with 
pigment. In the mucosa of the stomach there were many phagoc 3 ’^tic cells filled 
with fine, golden-brown pigment granules. In the kidney, many cells were seen 
in the capillaries of the glomeruli which were filled with coarse granules of a 
golden-brown and blackish pigment. The lymph node draining the caseous area in 
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Ihe left lung contained a caseous tuberculous area similar to the one described in 
that lung, and in addition, manj^ well healed tubercles. All bronchial nodes were 
deeply pigmented and fibrotic. The pigment was in the form of fine brown and 
black granules, mainly within phagocytic cells, and a great deal of it stained for 
iron. A few asbestosis bodies were present. 

COMMENT 

The two cases cited illustrate nicely the extremes and some of the 
features of the disease. In the first case, as far as the patient’s health 
and life were concerned, the presence of pulmonary asbestosis in the 
lung was relatively unimportant. He had symptoms doubtfully attrib- 
utable 'to it. It was only through the history, which was confirmed by 
postmortem examination, that the possibility of such a condition was 
suggested. It is, however, important to point out two considerations in 
this case. First, it is a question whether the asbestosis had an3dhing to 
do with his emphysema and cough. As an etiologic factor, the asbestosis 
cannot be ignored. The other point is that one has to do with preventive 
medicine. The exposure was for nine years in a comparatively well 
ventilated factory in which precautionary appliances were used, and yet 
the patient developed a minor grade of the disease. It would seem that 
further precautionary means are necessary in this occupation to obviate 
a disease in itself so preventable. 

In the second case, the patient wprked in an asbestos factory for a 
shoid time, but without a mask. This was long enough to permit his 
lungs to become densely filled with the dust. Obviously the symptoms 
did not result from the asbestos per se, but were due to the marked 
fibrosis resulting from the deposition of the pigment. This demon- 
strates that the symptoms of a pneumokoniosis may come on years after 
a short exposure and emphasizes again the absolute necessity for wear- 
ing masks in even the less dusty atmospheres. 

The marked fibrosis of the pleura, particularly of that interposed 
between the base of the lung and the diaphragm, is characteristic. The 
finding of rapidly liquefying areas in the lung is not unusual either, but 
the presence of such an extensive freshly excavated area is. 

We have been able to demonstrate two large tuberculous lesions in 
the midlung just beneath the pleura, tuberculosis of the regional lymph’ 
nodes and tuberculosis of the parietal pleura. The analogy between 
this form of lesion and that of the tuberculosis of childhood is, to say 
the least, striking. Gardner and Cummings have shown the course of 
asbestos inhalation with coincident tuberculous inoculations. Dr. Gard- 
ner, in a personal communication to us, replied in the negative to our 
question as to whether or not any experimental work had been done 
on the influence of asbestos inhalation on a healed primary focus. It 
seems to us this would throw light on the subject, for it does not appear 
that the asbestosis and the tuberculosis were coincidental lesions. 
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Our second case confirms previous observations that the ashestosis 
bodies have a tendency to disappear in a caseous area. We have also 
shown that in such an area following an acid-fast stain (25 per cent 
nitric acid) the bodies do not stain so well for iron and have a less 
definite morphology, but are still recognizable as such, so that if these 
are present in the sputum in any case, they should be recognized on a 
routine smear even after it has been treated with acid. 

The finding of tubercle bacilli in the sputum in the second case on 
two different occasions, plus the gross and microscopic features charac- 
teristic of tuberculosis, is sufficient to establish such a diagnosis. It is 
significant, however, that many more specimens of sputums were-exain- 
ined for acid-fast bacilli in which none were found, and that no one 
noted the ashestosis bodies in the sputum, although these were not being 
looked for specificall3^ 

An important additional finding in case 2 was that of ashestosis 
bodies in the spleen. Although we have diligently searched the literature, 
mention of such a finding, to our knowledge, never previously has been 
made. Whether these bodies get thei'e by the blood stream as emboli 
or whether they are carried there by phagocytic cells, we are not pre- 
pared to sa)'’ and have no evidence on which to base a conclusion. The 
fact that they are in that organ, irrespective of how they got there, seems 
to be significant. 

It is interesting that neither in case 1 nor in case 2 (despite the 
marked pulmonary fibrosis and the thickening of the smaller pulmonary 
arteries) was there any dilatation or hypertrophy of the heart on either 
side. 

SUMMARY 

Two cases of pulmonary ashestosis are reported. In the first case, 
the symptoms were relatively unimportant. In the second case, the dis- 
ease was concomitant with tuberculosis and, with it, was the cause of 
death. The similarity betw'een some of the features of tuberculosis in 
childhood and tuberculosis complicated by ashestosis is suggested. 

In ashestosis the lung is not the only organ invaded b)'’ ashestosis 
bodies. As we have shown, the spleen and the tymph nodes maj’’ harbor 
'large ashestosis bodies. 

From the histories there appears to be a further need for study along 
the lines of prevention of this disease. 
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Francis,^ in 1928, tabulated twenty-four fatal tularemic infections in 
man and stated that five of the patients died in the second week of 
illness in delirium and stupor, the symptoms indicating severe involve- 
ment of the meninges (meningitis). The reports in those cases in 
which necropsies were made say nothing about the brain. Francis and 
Callender,^ in their report, had in mind the possibility of lesions of the 
meninges or of the brain in their reference to the postmortem examina- 
tion of a Negro in whom tissue reactions resembling those of tularemia 
were found in the spleen. Because of stupor and other clinical symp- 
toms of meningitis, death was ascribed to tuberculosis. The meninges at 
the base of the brain were opaque, and microscopically there was a 
diffuse infiltration by lymphocytes, with considerable thickening and an 
occasional Langhans’ giant cell surrounded by a few epithelioid cells. 
There was a h 3 ^perplasia of the endothelial cells of the capillaries. 
Francis and Callender stated that the lesion may have been tuberculous, 
although acid-fast bacilli were not demonstrated. Examinations of the 
blood and inoculations of guinea-pigs were not made. In the brain of a 
woman dying on the eighth day after the onset of illness, Palmer and 
Hansmann ® noted hyperemia, a minute hemorrhage of the pons, small 
masses of endothelial cells in the pia-arachnoid, fatty changes of the 
neurons, glia cells and muscle cells of the blood vessels and a diffuse 
degeneration of the myelin in the fiber tracts of the pons and in the 
fibers of the eighth cranial nerve. Replying to an inquiry by Dr. 
Warren T. Vaughan on involvement of the central nen^ous system in 
tularemia, Simpson ^ stated that he did not think that there is an actual 

* Submitted for publication, July 27, 1931. 

* From the Henry Baird Favill Laboratory of St. Luke’s Hospital. 

1. Francis, E. : J. A. M. A. 91:1155, 1928. 

2. Francis, E., and Callender, G. R. : Arch. Path. 3:577, 1927. 

3. Palmer, H. D., and Hansmann, G. H. : J. A. AI. A. 91:236, 1928. 

4. Simpson, W. AL: J. Lab. & Clin. Aled. 15:311, 1930. 
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involvement of the central nervous system, but that the nervousness, 
restlessness and insomnia of the disease are associated with the general 
debility. Dwijkoff ° observed regularly a marked hyperemia of the 
meninges and brain in rodents with tularemia, and sometimes small 
hemorrhages. In the meninges of one animal, he found a large hemor- 
rhage and a small infiltration. 

It is reasonable to expect in a septicemic disease such as tularemia 
that almost every tissue of the body at some stage of the illness may be 
infected. While these general references have been made to clinical 
symptoms of meningitis in tularemia, there seems to be, as yet, no report 
of reactions of the meninges or of the brain comparable in cell structure 
to the lesions regularly found in the liver, spleen and lungs of susceptible 
hosts infected with Bacterium tularense. A description of such lesions 
distributed in the meninges, submeningeal brain tissues, ependyma, sub- 
ependymal tissues and choroid plexus of a man who died on the sixteenth 
day after infection is recorded in the following paragraphs. 

REPORT OP CASE 

W. S., white, aged 48, a clief, entered St. Luke’s Hospital, Chicago, in the 
service of Dr. F. M. Miller, Dec. 14, 1930, with a rapid pulse, a high fever, an 
ulcerated wound of the right middle finger, tenderness of the right axilla and 
7,100 leukocytes per cubic millimeter of blood. On December 5, while he was 
removing pickled rabbit from a jar, the skin on the dorsal surface of the right 
middle finger opposite the first interphalangeal joint was torn on a bone of the 
rabbit. The lesion was immediately treated with a solution of iodine. The 
following day he was indisposed, and two days later he was acutely ill. The wound 
of the finger was opened, and hot fomentations were applied, but these had little 
effect on the chills and fever and on a painful swelling in the right axilla. The 
chills and fever persisted while he was in the hospital, and on tlie second day after 
his admission symptoms of meningitis developed. The patient became irrational. 
The neck was rigid ; the pupils were small and sluggish ; the Kernig, left Babinski 
and Oppenheim reflexes were present; the cremasteric refle.x was absent, and the 
knee reflexes were diminished. The spinal fluid was cloudy and under a pressure 
of 230 mm. of water, it contained 400 cells per cubic millimeter of fluid, of which 
16 per cent were pofi^morphonuclear leukocytes and 84 per cent lymphoc 3 Tes. The 
results of globulin tests were positive, and the albumin content was 75 mg. per 
hundred cubic centimeters. Bacteria were not found in the sediment, stained by 
Gram’s and Ziehl-Neelsen’s stains. Cultures of the spinal fluid on the usual 
mediums were sterile after six days. 

Death occurred on December 21, the sixteenth day after infection of the finger, 
and the postmortem examination of the viscera of the trunk and head, but not of 
the neck, was made the same day by Dr. Paul J. Breslich and Dr. J. J. Kearns. 
The essentials of the anatomic diagnosis were: miliary tularemic lesions of the 
liver, spleen and lungs; marked acute ulcerative and phlegmonous cellulitis of the 
right middle finger ; acute hyperplasia and necrosis of the right axillary, right supra- 
clavicular and biliary lymph nodes ; acute tularemic meningitis ; edema of the brain ; 

5. Dwijkoff, P. P. : Virchows Arch. f. path. Anat. 278:481, 1930. 
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marked cloudy swelling of the liver, kidneys and myocardium; marked fatty 
changes of the liver and kidneys; acute hyperplasia of the spleen; acute fibrinous 
perisplenitis ; acute catarrhal tracheitis and bronchitis ; bilateral bronchopneumonia ; 
bilateral h 3 ^drothorax, and no yellow lipoid substance in the suprarenal cortex. 

Only the more important observations recorded at autopsy will be mentioned. 
The body weighed 147 pounds (66.7 Kg.) and was 173 cm. long. There was a 
slight icterus of the sclerae and of the skin. On the ulnar and dorsal side of the 
first interphalangeal joint of the right middle finger was an ulcer IS mm. in 
diameter. The tissues of the finger were edematous, and the skin was wrinkled 
from wet dressings. The subcutaneous tissues of the front of the chest were 
edematous; the abdomen contained 85 Gm. of a clear, yellow fluid. The lymph 
nodes of the right axilla were as large as 30 by IS by 10 mm., and on cut surfaces 
were dark red and about 50 per cent mottled with necrotic regions, some liquefied. 
The spleen weighed 400 Gm. Many yellow and gray regions, from 1 to 2 mm. in 
diameter, and petechial hemorrhages were visible through the capsule. The 
capsule of the diaphragmatic surface was roughened by organizing fibrin. On 
cut surfaces, the spleen was soft, dark red and mottled with many discrete 
yellowish-white regions, 1 mm. in diameter. The liver weighed 1,950 Gm. The 
capsule was smooth. The lobular markings were faint, and disseminated in the 
brown tissues wnthout regular order were regions varying in color from grayish 
white to yellow, and measuring 1 mm. or less in diameter. There was marked cloudy 
swelling of the liver. The biliary lymph nodes were as large as 25 by 15 by 7 mm., 
and opaque, white lymphoid tissue was mottled with yellow regions of necrosis. 
The right lung weighed 850 Gm. The pleura was smooth, except dorsally where 
there were a few torn fibrous adhesions. The lobular margins were pigmented 
with carbon, and the parenchyma contained many shotty nodules of white tissue 
from 2 to 5 mm. in diameter. These, on cut surfaces, stood out from the surround- 
ing dark-red lung substance as firm, white, granular nodules resembling miliary 
tubercles. In addition, there were red, granular bronchopneumonic consolidations 
of the lung about 1 cm. in diameter. The lining of the bronchi was hyperemic. 
The left lung weighed 800 Gm. and in all essentials was like the right lung. It 
had many of the widely disseminated nodules of white tissue. There were no 
active tuberculous lesions or other significant changes in the viscera except those 
of tularemia, a conclusion supported by the routine histologic examinations of 
these tissues, which showed focal tularemic lesions in the lungs, liver, spleen and 
lymph nodes. 

The histologic structure of the lesions in tularemia has been described.® The 
lesions in the liver and spleen of this patient were in the stage in which necrosis 
and nuclear fragmentation of the exudate cells are predominant. The lesions of the 
lungs had, in addition, reactive changes along their margins. 

Serum removed from the patient on the fourteenth day of the illness, two days 
before death, was sent to the Hygienic Laboratory of the United States Public 
Health Service and was reported to agglutinate Bacterium tularense in dilutions 
not greater than 1 : 40. Dr. Francis, in a comment on this report, stated that 
“while the titre is low, it is in keeping with that of serum collected on the fourteenth 
day of tularemia, and especially in a person who has failed to form antibodies of 
any sort as indicated by his death on the sixteenth daj' of illness.” 


6. Francis and Callender (footnote 2). Goodpasture, E. W., and House, J. : 
Am. J. Path. 4:213, 1928. Simpson, W. M. : Arch. Path. 6:553, 1928. 
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Two guinea-pigs (1 and 2) were inoculated on December 22 with crushed 
spleen. Both animals died on December 27, and the spleen, liver and lung had 
focal lesions characteristic of tularemia. Guinea-pig 3, inoculated with splenic 
pulp of guinea pig 1, died on Jan. 19, 1931, and at the site of the inoculation 
was granulation tissue microscopically identical with that found in the lesions of 
guinea-pig 1. Guinea-pig 4 was inoculated on January 27 with crushed spleen 
obtained from the body of the patient and stored in the icebox for one month. 
This animal remained healthy. B. tularense was not isolated in cultures of the 
human and animal tissues. Human lung, liver and spleen and also liver and spleen 
from guinea-pig 1 were sent to Dr. Francis for examination, who stated that the 
guinea-pig tissues had the usual lesions found with tularemia. The human liver 
and spleen had similar focal lesions, and the lungs an exudative pneumonitis and 
in one place a focal tularemic lesion. 

These conditions in the viscera of the trunk are given with consider- 
able detail in order to present adequately the evidence ' favoring the 
tularemic nature of the disease. They are important, of course, but are 
incidental to the chief portions of this report, namely, those that follow, 
describing the lesions of the meninges and brain. 

There were no changes in the blood sinuses of the dura or in the right and left 
middle ears or in the sphenoid, ethmoid and frontal cranial sinuses. A large 
amount of slightly turbid spinal fluid escaped when the brain was removed. The 
hyperemic leptoweninges were slightly opaque with a diffuse exudate and contained 
many miliary opacities from 1 to 2 mm. in diameter and less. After hardening in 
8 per cent formaldehyde, the brain weighed 1,270 Gm. The hemispheres were 
asymmetric: the right was 17 cm. long, 8 cm. wide and 7 cm. thick in the temporal 
region; the left, 17 cm. long, 8.5 cm. wide and 6.5 cm. thick. The convolutions 
were flattened, the sulci shallow and narrow. The brain substance was uniformly 
firm. There was a milky opacit}’- of the leptomeninges covering the superior and 
lateral surfaces of the hemispheres, especially along the sulci and in the fissures 
of S}dvius. Focallj’-, thej' were raised slightly from the underlying cortex and 
contained discrete white nodules from 1 to 2 mm. in diameter, especially along 
the course of the blood vessels in the precentral and postcentral g 3 Ti. The blood 
vessels of the leptomeninges were distended with blood. The basilar and vertebral 
arteries were absent. The circle of Willis was intact and unchanged. The basal 
leptomeninges had a milky opacity and were raised from the convolutions and 
thickened. The olfactory bulbs, optic chiasma and third, fourth, fifth and sixth 
cranial nerves, the anterior and posterior perforating substance with their blood 
vessels, the infundibulum and the mammillary bodies were ' unchanged. The 
cerebellar peduncles were symmetrical, measuring 2.2 by 1.7 cm. The red nuclei 
and the substantia nigra were unchanged. The pineal body was 8 by 5 b)'^ 5.5 mm., 
the tissue firm and granulated. 

With a binocular magnification of 10.5 diameters, the leptomeninges had dis- 
seminated milky opacities, especially distinct over the blood vessels in -the sulci: 
over the blood vessels, they were edematous and lifted away from the cortex. Also 
along the blood vessels and adherent to or forming a part of the meninges were 
small multiform plaques, 1 mm. in diameter, like tubercles, but less opaque, and 
milky white. The opacity of these plaques was so great that the underlying blood 
vessels were hidden or had a yellow tinge. The opacity of the meninges and the 
opaque plaques extended over the base of the brain, but not to such a marked 
extent. 
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The cerebrum was sectioned frontally in parallel planes about 1 cm. apart. 
There was a slight increase of the stippling. The gray cortex had an average 
thickness of from 2.S to 5 mm. and was sharply demarcated from the white sub- 
stance. There were no hemorrhages or soft regions in the tissues of the basal 
ganglions. The lateral ventricles were symmetrical and small, and at the level of 
the anterior commissure they were 2.8 cm. wide. The third ventricle was 
unchanged. The ependymal lining of the third and especially of the lateral ven- 





Fig. 1. — A focal lesion of the meninges deep in a sulcus, with involvement of 
the brain; X 252. 


tricle was roughened by slightly raised, white nodules less than 1 mm. in diameter. 
The choroid plexus varied in color from gray to brown and was unchanged. The 
cerebellar hemispheres were symmetrical and measured S by 6 by 5 cm. The pons 
was 3 by 3.5 b}'' 3 cm. and had 3.8 cm. of the brain stem attached. The pons, brain 
stem and cerebellum showed no noteworthy changes. 

Twenty-eight blocks of tissue were taken for histologic examination ^ from 
various places of the cortex, the white substance, the principle ganglion centers 
and tracts, the cerebellum and the choroid plexus of the lateral and third ventricles. 
They were embedded in paraffin, and most of the sections were stained with hema- 
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toxj'lin and eosin, a few with phosphotungstic acid-hematoxylin and otherwise. 
The nodular opacities in the leptomeninges were masses of exudate cells, chiefly 
polymorphonuclear leukoc 3 des, large mononuclear cells, plasma cells and cells with 
a large, faintly stained nucleus and a granular, fairly abundant cytoplasm (fig. 1). 
These cells were in dense aggregates from 0.5 to 1 mm. in diameter, and were held 
in meshes of fibrin threads. Most of these focal lesions were in the leptomeninges, 
but some encroached on the adjacent brain substance and penetrated to a depth 



Fig. 2. — A. diffuse exudative reaction in the meninges ; X 252. 


of from 0.2 to 0.5 mm. In such places the brain tissues were necrotic and infiltrated 
by dense masses of potj^morphonudear leukocytes and large mononuclear exudate 
cells. The nuclei of many of the exudate cells were pyknotic and fragmented. A 
studj^ of all these sections demonstrated that the lesions were distributed chiefly, 
although not invariably, along the blood vessels. In addition to these focal lesions 
there were diffuse exudative cellular reactions of certain portions of the lepto- 
meninges (fig. 2). Focal lesions were present also on the ependymal lining of the 
lateral and third ventricle and in the epithelium of the choroid plexus. They were 
not found isolated in the white substance of the cerebrum or in that of the cere- 
bellum. The leptomeninges of the spinal cord of the first segment had lesions like 
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those described in the pia-arachnoid of the brain. Acid-fast bacilli were not found 
in lesions of the liver, spleen and leptomeninges (from three separate places) 
stained according to a technic that in control tuberculous tissue demonstrated acid- 
fast organisms. 

SUMMARY 

Tularemic lesions of the leptomeninges, contiguous brain tissues, 
ependyma, subependymal tissues and choroid plexus of a man dying on 
the sixteenth day following laceration of a finger by contact with a rabbit 
bone had the histologic structure of similar lesions in the liver, spleen 
and lungs, and corresponded structurally wdth those described in the 
visceral tissues of susceptible hosts dying with B. tularense infection. 

The lesions grossly resembled miliary tubercles, although their dis- 
tribution was chiefly over the vertex and sides rather than along the 
base of the brain, and consisted of exudates of monocytes and poly- 
morphonuclear leukocytes with var3dng degrees of necrosis. Where the 
meningeal lesions encroached on tlie brain, the tissues of the latter were 
necrotic and infiltrated b}'’ exudate cells. 

In addition to the focal lesions of the meninges there was a diffuse, 
acute exudative meningitis. Widely disseminated lesions of the brain 
were not demonstrated. 

Although, generally speaking, the lesions of tularemia mimic those 
of tuberculosis, it is unlikely that the reactions found in the meninges 
of this patient were tuberculous, because (1) they repeated in minute 
detail the structure of lesions found in the spleen, and suspensions of 
these crushed tissue killed guinea-pigs in five days and in them 
produced visceral lesions characteristic of tularemia; (2) the search for 
acid-fast bacilli in the lesions of the meninges, liver and spleen was not 
successful, and (3) lesions of a frankly tuberculous character were not 
found by thorough gross and histologic examinations of the viscera.'^ 

7. Since the completion of this manuscript, Dr. F. W. Hartman of the Henry 
Ford Hospital, Detroit, has sent us a copy of his report concerning tularemic 
encephalitis. His forthcoming article describes lesions in the brain substance, but 
none in the meninges. In this respect, his observations differ from those in our 
report. 
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In 1920, one of us observed early aortic arteriosclerosis in a young 
girl, 14 years of age, with gangrenous stomatitis and fatal septicemia. 
Cultures from the mouth before death and of the blood at autopsy 
yielded a mixture of Streptococcus hemol 3 ’’ticus and Staphylococcus 
aureus. Autopsy revealed septic infarcts of the heart and lungs, dis- 
seminated acute m 3 '’Ocarditis, thrombi in the idght auricle and ventricle 
and fresh, patch 3 ^ fatt 3 ^ degeneration of the aorta and larger arteries, 
with beginning arteriosclerosis. Microscopic examination disclosed 
intimal thickening, consisting of atheromatous ulcers and arteriosclerosis, 
involving the entire circumference of the aorta. The media, and in 
some places the intima, contained blue-staining streaks of homogenous 
material, which separated the smooth muscle layers. Sudan III- 
hematoxylin stains demonstrated a lipoid infiltration of the intima. The 
t 3 'pical histologic picture of beginning ai'teriosclerosis was present, and 
the question then arose whether it was due to the associated infection. 

Some time later, we began to culture the coronary arteries of arterio- 
sclerotic patients, particularly in fatal cases of coronary thrombosis. In 
three instances. Streptococcus viridans was found in the coronary 
arteries, although cultures of the blood were negative. From one 
heart we cultured a sclerotic coronary artery, and from two others 
thrombi in sclerotic coronary vessels. Subsequent intravenous inocula- 
tions of rabbits with the recoA'^ered streptococci demonstrated the ability 
of the latter to persist in the blood stream for from three to five da 3 '^s. 
We considered that these organisms were probably pathogenic and 
decided to inoculate a series of rabbits in order to determine their effect 
on the heart and blood vessels. 

Submitted for publication, Aug. 3, 1931. 

* From the Department of Pathology, University of Oregon Medical School. 

* Aided by a grant from the Committee on Scientific Research of the 
American Medical Association. 

*Work begun in 1924 under the Noble Wiley Jones Fellowship in Pathology 
of the University of Oregon Medical School. 
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INOCULATION OF RABBITS 

Series 1 . — Litter 1, of seven rabbits, each of which was inoculated intravenously 
with a massive dose of streptococci from one of the cases, was observed for about 
a week and then killed. Although blood cultures showed that the organisms could 
be recovered for from three to five dai's after inoculation, autopsy disclosed no 
significant cardiovascular changes, except a slight lymphoid infiltration of the 
interstitial tissue of the myocardium. As a single massive inoculation failed to 
produce changes, we decided to make repeated inoculations over a prolonged 
period of time. 

Series 2 . — Litter 2 consisted of seven young rabbits. Five received seven 
inoculations each with Streptococcus fecalis from a coronary artery in a period of 
five and one-half months. Rabbit 5, in addition to its inoculations, had thirty-three 



Fig. 1. — Arteriosclerosis of the aorta of rabbit 5, series 2, inoculated with 
Streptococcus viridans from a sclerotic coronary artery. 

cholesterol feedings of 0.5 Gm. each. Rabbit 6 had only cholesterol, thirty-three 
feedings. Rabbit 7 was saved as a control. All seven were killed at the end of 
six months. 

Only rabbit 5 showed any gross changes in the aorta (fig. 1). The ascending 
aorta contained thickened, I'^ellowish, ulcer-like plaques, in which the intima was 
considerably raised. There was also a more diffuse irregular thickening of the 
whole ascending aorta and to a lesser extent of the descending aorta. Microscopic 
examination disclosed decided thickening and irregularity of the intima with con- 
siderable fibrous increase and scarring and with obscuring of the lamina elastica 
interna (fig. 2). Fibroblasts were scattered throughout the intima, and a few 
vacuoles were present. The intima also contained elongated streaks of blue- 
staining material. Sudan III-hematox 3 din stains disclosed a diffuse infiltration 
by small globules of lipin throughout the intima. The arteriosclerotic process. 
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which involved the intima and to some extent the media, had nearly passed the 
atheromatous phase and had undergone fibrosis with considerable scarring. 

Litter 3, consisting of two young rabbits, without controls, received three 
inoculations with the same strain of S. fecalis, in a period of two months. At 
autopsy, one of these showed small atherosclerotic plaques in the ascending aorta ; 
the other did not. 



.jeS\ ^ . _ aAk ' — r' *. »*«' — .W-. — • 


Fig. 2. — Photomicrograph of the aorta of rabbit S, series 2, showing fibrous 
thickening and scarring of the intima and cellular infiltration of the adventitia and 
media. 


Litter 4 consisted of six rabbits, two of which were kept as controls. Of the 
others, three received two inoculations each with the streptococcus, and another 
received four inoculations. The inoculated animals were also given a subcutaneous 
implantation of 2 cm. of aseptic rabbit aorta, in the hope of inducing absorption 
of enough aortic substance to influence the electivity of the injected organisms 
for aortic tissue. The organisms used had been repeatedly cultivated over a 
period of many da 3 's in dextrose infusion broth containing a portion of sterile 
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rabbit aorta. One rabbit died one month after inoculation, with atherosclerotic 
plaques in the aorta. The other five rabbits, including the controls, lived from 
one to three months and showed no gross lesions. 

Litter 5 consisted of seven rabbits. Two were kept as controls, and the others 
received two inoculations with the streptococcus. Autopsies on all of them, four 
months later, showed no gross changes. 

Series 3, Inoculated with Streptococcus Viridans from a Coronary Throm- 
bus. — A thrombus in the coronary artery of a man, 66 years of age, who died of 
generalized arteriosclerosis with coronary thrombosis was cultured two hours 
after the patient’s death. At the same time, the blood in the heart was cultured 
and found to be sterile. The thrombus was cultured in dextrose infusion broth 
enriched with sterile human blood, and on blood agar plates. The plates yielded 
many colonies of a green-producing nonhemolytic streptococcus, and the broth 
gave a good growth of long chain, lanceolate diplostreptococci. This was identified 
by growth in lactose, mannite and salicin as nonhemolytic streptococcus type III 
(Holman). 


Table 1. — Observations in Litter d. Inoculated, with Strain of Streptococci from 

Coronary Thrombus 


Rab- Ihiration, 

bit Procedure Mo. Pate 

Aortic 

Le- 

sions 

Lesions 

of 

Smaller 

Arteries Pathologic Changes 

1 

27 inoculations with streptococci 

8 

Died 

0 

0 

Pericarditis 

2 

27 inoculations with streptococci 

10 

Killed 

0 

-b 

Sclerosis of arteries of 
lung 

S 

27 inoculations with streptococci; 
127 cholesterol feedings 

9 

Killed 

-f 


Large, flat, whitish athe- 
romatous plaques, micro- 
scopically arteriosclerotic 

4 

27 inoculations with streptococci; 
127 cholesterol feedings 

8 

Killed 

0 

-f 

Intimal thickening and 
sclerosis of small arteries 
in lung and liver; endar- 
teritis obliterans 

5 

131 cholesterol feedings 

9 

Killed 

0 

0 

None 

G 

Control 

9 

Died 

0 

0 

Pneumonia 


All rabbits used in our experiments were j'oung, healthy animals, weighing 
from 2 to 3 pounds (907 to 1,360 Gm.) each, and great care was given to their 
feeding and hygiene. The diet consisted of fresh vegetables with a regular ration 
of oatmeal, and whenever cholesterol was fed, it was with oatmeal. On several 
occasions, inoculations were discontinued for a period of time and repeated blood 
cultures made to determine the duration of survival of the organisms in each 
animal’s blood stream. This period was found to vary from one to two weeks. 
In the course of repeated inoculations in the aural vein, abscesses were eventually 
produced in the tissue of the ear, and these may have accounted for the per- 
sistence of the organisms in the blood stream. 

Litter 6 consisted of six rabbits. Rabbits 1 and 2 were each inoculated 
intravenously twent 3 '^-seven times in a period of eight months with the streptococcus 
grown in dextrose infusion broth. Rabbits 3 and 4 were similarly inoculated but, 
in addition, each received 127 cholesterol feedings of 0.5 Gm. Rabbit 5 had the 
cholesterol feeding^s only, and no. 6 was saved as a control. The findings among 
the various rabbits in this litter are indicated in table 1. 

Rabbit 3, which survived nine months of inoculations and cholesterol feedings, 
presented large, flat, whitish atheromatous plaques of the aorta (fig. 3). Micro- 
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scopic examination of the aorta showed a thickened intima with lipoid infiltration 
(fig. 4). Very little celltdar infiltration -was present. The smaller arteries of the 
lung, kidney and brain showed irregular thickening with moderate fibrous increase. 

Rabbit 4 showed no gross lesions. Microscopic examination disclosed irregular 
thickening of the walls of the smaller arteries of the lung, with fibrous increase 
and, in Some cases, almost complete closure of the lumen. The proliferation was 
chiefly intimal, with considerable hyaline change. In some of the arterioles, 
proliferation of the intimal cells nearly filled the lumen, and in other cases the 
occlusion was completed by a hyaline substance. In the larger arteries, cellular 
proliferation was evident and a crescentic thickening of the intima sometimes 
encroached appreciably on the lumen, almost occluding it. In the lung, three 
arteries, one about 2 mm., and the others 1 mm., in diameter, were infiltrated by 



Fig. 3. — Extensive early arteriosclerosis in the aorta of rabbit 3, litter 6, 
inoculated with Streptococcus viridans from a coronary thrombus. 

mononuclears and polymorphonuclears. This was especially true of the intima, 
which was thickened, hyalinized and densely infiltrated by polymorphonuclears, 
and which blended off into a laminated red thrombus that occluded the dilated 
lumen of the artery (fig. S). Portions of the thrombus contained dense 
accumulations of pyknotic nuclei. In the kidney, there was thickening of the 
intima of the arteries with endothelial cell proliferation and lipoid infiltration. 
The walls were infiltrated by clusters of lymphoid cells and polymorphonuclears. 
The arterial findings included endarteritis obliterans, arteriosclerosis, mainly 
intimal, and endarteritis of branches of the pulmonary artery, with occluding 
thrombosis. Rabbit 2 also had sclerosis of the smaller arteries of the lung. 

Litter 7 consisted of six rabbits. Rabbits 1 and 2 were inoculated twenty- 
seven times each in eight months with the streptococcus. Rabbits 3 and 4, in 



BENSON ET AL.— ARTERIOSCLEROSIS 


929 


addition to these inoculations received cholesterol feedings of 0.5 Gm. each. 
Rabbit 5 had only cholesterol feedings, and rabbit 6 was saved as a control 
(table 2). 

Rabbit 3 survived ten months and had small, whitish sclerotic plaques in the 
ascending aorta. In rabbit 4, one arterial branch in the lung was nearly occluded 
by an old thrombus with fibrosis. A large area of lung in the immediate vicinity 
of this vessel was necrotic. Several other arteries had thickened walls with 
intimal proliferation (fig. 6). 



Fig. 4. — Photomicrograph of the aorta of rabbit 3, litter 6, showing moderately 
early arteriosclerosis with thickening of the intima characterized bj’^ loose tissue. 

Litter 8 consisted of five rabbits. Each of these was inoculated intravenously 
seven times with the streptococcus over a period of about seven months (table 3). 

Rabbit 2 showed indurated ulcers of the aorta. Microscopic study revealed 
early arteriosclerosis of the aorta. One small artery in the lung had a thick wall, 
with roughening of the intima on one side and an attached thrombus of fibrin and 
polymorphonuclears filling one third of the lumen. Rabbit 1 exhibited slight 
intimal thickening of the smaller arteries of the lung. Rabbit 3 showed intimal 
thickening and hyaline change in a medium-sized branch of a coronary artery, 
with dense, patchy lymphoid infiltration of the media. The arterial findings 
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revealed chronic indurative arteritis and endarteritis with hyaline changes and 
irregular scarring of the walls. The control rabbit, no. 5, died of pneumonia 
after two months’ observation, and microscopic examination disclosed thickening 
of the intima and media in the smaller arteries of the lung, a slight thickening 
of a branch of a coronary artery and acute glomerulotubular nephritis. It was 
possible that the arterial changes and nephritis .in this rabbit resulted from the 
pneumonia. 

Table 2. — Observations m Litter 7, Inoculated with Strain of Streptococci From 

Coronary Thrombus 


Rab 

bit 

Duration 

Procedure Mo. 

'Patc 

Aortic 

Le- 

sions 

Lesions 

of 

Smaller 

Arteries Pathologic Changes 

1 

27 inoculations v’lth streptococci 

S 

Died 

0 

0 

Bronehopneumonia 

2 

27 inoculations with streptococci 

10 

Killed 

0 

0 

None 

3 

27 inoculations with streptococci; 
131 cholesterol feedings 

10 

Killed 

-b 

0 

Small sclerotic plaques of 
aorta 

4 

23 inoculations with streptococci; 
02 cholesterol feedings 

3 

Died 

0 

-f 

Arteriosclerosis and throm- 
bosis of medium-sized 
arteries of lung; infarct 
of lung; septicemia 

5 

131 cholesterol feedings 

10 

Killed 

0 

0 

None 

6 

Control 

10 

Killed 

0 

0 

Chronic diffuse nephritis 


Table 3. — Observations in Litter S, Inoculated with Strain of Streptococci from 
Coronary Thrombus, Grown in Aorta Medium, and Given Subcutaneous 
Implantation of Aorta Tissue 


Rab- Duration, 


bit 

Procedure 

Mo. 

Pate 

1 

Aorta implanted; 7 inoculations 
with streptococci 

7 

Killed 

2 

Aorta implanted; 7 inoculations 
with streptococci; SO choles- 
terol feedings 

7 

Killed 

3 

7 inoculations with streptococci; 
50 cholesterol feedings 

7 

Killed 

4 

50 cholesterol feedings 

7 

Killed 

5 

Control 

2 

Died 


Lesions 
Aortic of 
Le- Smaller 

sions Arteries Pathologic Changes 

0 ± Round cell accumulations 

in heart 

+ + Atheromatous uleers of 

aorta; sclerosis of smaller 
arteries uith thrombosis 
of one in lung 

0 + Sclerosis of coronary ar- 

tery and of arteries in 
lung 

0 + Lipoid infiltration of in- 

tima of small coronary 
branch 

0 + Nephritis; sclerosis of small 

arteries 


Series 4, Inoculated with Hemolytic Streptococci from Sinuses. — Two cultures 
of hemolytic streptococci from the sphenoid sinuses of a patient with arthritis 
and chronic sinusitis were obtained for study and both typed out according to 
Holman’s classification as Streptococcus anginosus. In an effort to determine 
whether sinus infection might cause arterial changes, a series of inoculations was 
started with these organisms. 

Litter 9 consisted of seven rabbits of which rabbits 1 to 4 were inoculated ten 
times each with a sinus streptococcus over a period of about six months. Rabbit 
5 received inoculations and cholesterol feedings. Rabbits 6 and 7 were saved 
as controls (table 4). 
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These inoculations with hemolytic streptococci were attended by arterial 
changes. Rabbits 1, 2 and 5 exhibited gross lesions of the aorta. No. 1 had small, 
raised atheromatous plaques. Microscopic examination of the lung disclosed 
intimal proliferation with deposition of fibrin in some of the smaller arteries 
(fig. 7). In places, arteritis was more active. Collections of fibrin and leuko- 
cytes were attached to the roughened intima and invaded the wall of the blood 
vessel. Pneumonia was not present. 

The ascending aorta of rabbit 2 showed several whitish plaques. Microscopically 
there was patchy intimal thickening with dense infiltration by fibroblasts. Small 








Fig. 5. — Photomicrograph of the wall of an artery of the lung in rabbit 4, 
litter 6, inoculated with Streptococcus viridans from a coronary thrombus and 
showing acute arteritis with thrombus formation: I, the intima, infiltrated with 
leukocytes ; M, the media, showing fibrosis and Iwaline change ; A, the adventitia, 
densely infiltrated with polymorphonuclear leukocytes ; T, the thrombus in the 
lumen. 


areas of scarring were noted in the intima and media. In the myocardium, round 
cell Infiltrations occurred. In the kidney, the arteries had thickened walls, often 
with complete obliteration of the lumina owing to proliferation of faintly stained 
cells that appeared to be endothelial. Many hyalinized arterioles were found. 
In all the arteries there was intimal thickening, usually with hyalinization of the 
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entire wall. In one arteriole, the wall contained a compact infiltration of mono- 
nuclear cells. In the lung, the arteries had thickened walls, with scarring of the 
media and roughening of the intima, on which fibrin Avas deposited. 

Rabbit 5 lived four months, and at autopsy had large, whitish plaques in the 
aorta, confirmed by microscopic examination. In rabbit 3, some pulmonary arteries 
showed crescentic thickening of the intima. In rabbit 4, also, there was intimal 
thickening of the arteries of the lung. 

Litter 10 consisted of six rabbits. The first four were inoculated with a 
hemolytic streptococcus, rabbits 5 and 6 being saved as controls. Only one 



Fig. 6. — Photomicrograph of an artery of rabbit 4, litter 7, showing moderate 
thickening of the intima in early arteriosclerosis following inoculations with 
Streptococcus viridans from a coronary thrombus. 

inoculated rabbit of this litter lived over one month. The others, and even one 
of the two controls, succumbed to pneumonia. 

Rabbit 3, at autopsy, showed small, yellowish, indurated atheromatous ulcers 
of the ascending aorta. Microscopic examination of the lung disclosed irregular 
intimal thickening in medium-sized arteries. In one artery, the intima Avas greatly 
thickened and densel}^ infiltrated by mononuclear cells haAung irregular or spindle- 
shaped nuclei. The underl 3 dng media had undergone Ityalinization and lipoid 
infiltration. In the m 3 ^ocardium there AA^ere focal accumulations of lymphocytes. 
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Microscopic examination of rabbit 1 showed multiple myocardial abscesses, 
pneumonia and acute diffuse nephritis, with a hyaline change in the arteries of the 
kidney. Rabbit 2 died of pneumonia, and microscopic examination showed acute 
arteritis in the lung. 

INOCULATION OF MONKEYS 

Series 5. — Twelve monkeys (Macacus rhesus) were given a diet of vegetables, 
bread, milk, grains and nuts. One control was killed at the beginning of the 

Table 4. — Obsei'vafions in Litter 9, Inoculated zuith Strain of Streptococcus 

Anginosus from Sphenoid Sinus 


Lesions 
Aortic of 

Eab- Duration, Le- Smaller 


bit 

Procedure 

Mo. 

Pate 

sions 

Arteries Pathologic Changes 

1 

10 inoculations with streptococci 

6 

Killed 


J. 

Purulent arteritis in lung; 
atheromas of aorta 

2 

10 inoculations with streptococci 

6 

Died 

-f 

-f 

Pneumonia and nephritis; 
arteritis in lung 

3 

10 inoculations with streptococci 

9 

Killed 

— 

+ 

Sclerosis of arteries of lung 

4 

10 inoculations with streptococci 

9 

Killed 

0 

0 

None 

5 

10 inoculations with streptococci; 
101 chlesterol feedings 

4 

Died 

-1- 

0 

Atheroma of aorta 

6 

Control 

9 

Killed 

0 

0 

None 

7 

Control 

9 

Killed 

0 

0 

Interstitial nephritis 


Table $.•— Observations in Litter 10, Inoculated zvith Strain of Streptococcus 

Anginosus from Sphenoid Sinus 


Bab- 


Duration, 


Lesions 
Aortic of 
Le- Smaller 


bit 

Procedure 

Mo. 

Pate 

slons 

Arteries Pathologic Changes 

1 

5 inoculations 

with 

streptococci 

1 

Died 

0 

+ 

Multiple abscesses of myo- 
cardium; purulent arter- 
itis in lung 

2 

5 inoculations 

with 

streptococci 

1 

Died 

0 

+ 

Pneumonia; acute arteritis 
in lung 

3 

G inoculations 

with 

streptococci 

7 

Killed 

+ 

+ 

Small, indurated atherom- 
atous ulcers of aorta; 
sclerosis of arteries of 
lung 

4 

5 inoculations 

with 

streptococci 

% 

Died 

0 

0 

Pneumonia 

5 

Control 



% 

Died 

0 

0 

Pneumonia 

6 

Control 



7 

Killed 

0 

0 

None 


experiment for histologic preservation of the tissues and at the end of the experi- 
ment comparison was made with the two controls on which autopsies were made 
one year later. Eight monkeys were inoculated twenty-four times with strepto- 
cocci (twice washed saline suspensions containing two billion bacteria per cubic 
centimeter) in a period of six months. Each animal was inoculated just below 
Poupart’s ligament in the immediate vicinity of the right femoral artery. The 
initial dose of 1 cc. was gradually increased in five months to a final dose of 16 cc. 
At the end of six months the bacterial inoculations were discontinued, and the 
animals were permitted to live unmolested for another six months ; then they were 
all killed and examined grossly and microscopically. Two controls were allowed 
tp live with the inoculated animals. Monkej^s 1 to 4 had been inoculated with a 
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succession of different strains from various cultures of streptococci, so that 
reinfection with a new strain had occurred from time to time. In monkeys 1 and 
2, hemolytic S. anginosus, and in monkeys 3 and 4 nonhemolytic S. mitis, had 
been used. Monkeys 5 to 8 had received pure cultures; in monkeys 5 and 6, we 
used a strain of hemolytic S. anginosus from a patient with mastoiditis and 
extensive sinus thrombosis, and in monkeys 7 and 8 a strain of nonhemolytic S. 
mitis from the antrum of a patient with chronic sinusitis. In general, the animals 
remained in good health during the entire year of observation, but monkeys 7 
and 8 acquired large inguinal abscesses, which healed spontaneously, and monkey 6 


Fig. 7. — Photomicrograph of a small artery in a lung of rabbit 1, litter 9, 
showing acute purulent arteritis following inoculations with Streptococcus angi- 
nosus from a sphenoid sinus. There is purulent e.xudate in the lumen, infiltrating 
into the thickened intima. Note the loose fibrillar stroma in the adventitia. 


a femoral hematoma and later a prolapsed rectum. All of our animals seemed 
to tolerate the inoculations without serious sequelae. 

The monkeys after death showed no arteriosclerosis on careful gross 
examination. The changes observed in the various viscera were almost entirely 
microscopic, with the exception of fatty changes in some of the livers, which 
could be seen grossly. The microscopic changes included thickening of the walls 
of the pancreatic arteries in monkey 1. The pulmonary arteries in monke 3 ^s 3 and 
4 had a lipoid infiltration and thickening of the intima, hypertroph}'^ of the media 
and perivascular fibrosis. In monkej' 5, the right femoral artery was thickened 
and surrounded by hyalinized muscle. In monkey 6, the right femoral artery 
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contained thickened intima and was surrounded by much scar tissue with 
obliterative arteriolitis in the surrounding tissue. The larger arteries of the 
kidneys contained thickened intimal linings. Monkey 7 showed a slight scarring 
around the right femoral artery. In addition to the arterial changes, monkey 1 
presented accumulations of lymphocytes in the myocardium, subendocardium and 
subpericardium. Hyaline degeneration of the myocardium was observed about 
some of these foci. Similar changes were found in the hearts of monkeys 2, 6, 7 
and 8. In the livers of monkeys 1, 2 and 6 there were marked accumulations of 
round cells in the periportal spaces, and in monkeys 2, 4, 6 and 8 there were focal 
and diffuse infiltrations into the interstitial tissue of the kidneys by lymphocytes. 


COMMENT 

It is unnecessary to review here the various attempts at experimental 
arteriosclerosis in animals. The important bibliography up to 1926 is 
included in a review by one of us (Benson).^ The credit for 
first describing aortic lesions of rheumatic fever belongs to Klotz.- 
In 1926, von Glahn and Pappenheimer ^ made an exhaustive study of 
the changes in the aorta and other arteries in rheumatic fever. In a 
more recent publication ^ Pappenheimer and von Glahn described the 
intimal changes in a coronary artery, including a loose proliferation of 
endothelial tissue and the presence of an elevated '.parietal thrombus 
projecting into the lumen. Clawson ® injected into rabbits-, and rnonkeys 
S. viridans from the blood of patients with rheumatic fd^er and sub- 
acute bacterial endocarditis, and obtained arteritis involving all coats. 
He considered this similar to the rheumatic lesions in man described by 
Klotz and by Pappenheimer and von Glahn. 

Our observations on the aortic and other arterial changes bear a 
striking similarity to the descriptions that Clawson gave of his experi- 
mental lesions.' Possibly, after all, there is a relationship between our 
experimental lesions, those described by Clawson, the rheumatic arteritis 
of Klotz and of Pappenheimer and von Glahn and the arteriosclerosis 
in the girl, 14 years old, referred to in our opening paragraph. 

We have observed various stages of sclerosis in the aortas of inocu- 
lated rabbits in our series. The aorta shown in figures 4 and 8 had 
thickened intimal plaques composed of loose tissue containing irregular 
cells with deeply stained nuclei widely separated by fibrillar stroma 

1. Benson, R. L. : The Present Status of Coronary Arterial Disease, Arch. 
Path. 2:876, 1926. 

2. Klotz, O. : Rheumatic Fever and the Arteries, Tr. A. Am. Physicians 
27:181, 1912. 

3. von Glahn, W. C., and Pappenheimer, A. M. : Specific Lesions of the 
Peripheral Blood Vessels in Rheumatism, Am. J. Path. 2:235, 1926. 

4. Pappenheimer, A. M., and von Glahn, W. C. : Studies in the Pathology of 
Rheumatic Fever, Am. J. Path. 3:583, 1927. 

5. Clawson, B. J. : E.xperimental Rheumatic Arteritis, Arch Path 6-947 
1928. 
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having scattered clefts. A comparison of these photomicrographs with 
those of Pappenheimer and von Glahn ® disclosed a close similarity. 
The intima of our aorta was comparable with theirs, but the media of 
ours was only slightly changed as compared with theirs. The aorta 
shown in figures 1 and 2 represented a more advanced stage of arterio- 
sclerosis, The loose tissue of the intima was being replaced by fibrous 


un 


'* ■»* 
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Fig. 8 — Photomicrograph of the aorta of rabbit 3, litter 6, showing irregular 
intimal thickening in arteriosclerosis following inoculations with Streptococcus 
viridans from a coronary thrombus. 


tissue, with resulting scar formation. Fibroblasts were numerous, and 
deeply blue-staining fibrillar strands traversed the scarred intima. The 
media exhibited numerous irregular and spindle-shaped, deeply staining 

6. Pappenheimer and von Glahn (footnote 4, plate 150, A and B, following 
P. 594). 
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cells, with hyaline change in the intervening tissue of the wall. The 
two aortas just referred to afforded instances of moderately early and 
fairly advanced stages of arteriosclerosis, respectively. Our other 
specimens varied chiefly in the extent of involvement and the stage 
reached. 

Acute arteritis, sometimes purulent, occurred in some of the arteries. 
Figure 7 shows such a change in a small artery of the lung. The intima 

















Fig. 9. — Photomicrograph of the wall of an artery in the lung, showing acute 
arteritis : A, the adventitia ; M, the media with pyknotic nuclei ; I, the purulent 
intima ; B, bacteria in the wall ; T, a thrombus in the lumen. 

was thick and swollen and had a roughened surface with polymorpho- 
nuclear leukoc 3 ^tes and mononuclear cells attached to it. A mass of 
leukocytes and fibrin nearly filled the lumen, and polymorphonuclears 
were present in small number in the arterial wall. The advenitia con- 
sisted of a loose, relatively noncellular, fibrillar substance. 

Purulent arteritis with an occluding thrombus was found in a large 
artery of one lung (fig. 9). The intima was thickened and densely 
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infiltrated with polymorphonuclears and fibrin, and this purulent exudate 
merged inseparably into a thrombus. Leukocytes were scattered 
throughout the wall, being especially dense in the adventitia. Bacteria 
could be seen in various parts of the wall, mostly diplococci. 

Various stages of arteriosclerosis occurred. Figure 6 represents an 
early retrogressive stage with moderate intimal thickening characterized 
by loose, relatively noncellular tissue. Other arteries exhibited later 
stages of sclerosis with thickening of the entire wall, and with hyalini- 
zation. 

In a review of series 3 and 4, we find that each of twenty rabbits was 
repeatedly inoculated with 1 cc. of streptococcus broth cultures, and that 
fourteen (70 per cent) acquired arterial lesions, of which those in seven 
were ver}'’ definite on gross examination of the aorta. Thirteen of the 
twenty animals inoculated were fed on a normal diet, and eight of these 
(61 per cent) acquired arterial lesions. Nonhemolytic streptococci pro- 
duced arteriosclerosis within three months in one rabbit, after twenty- 
three inoculations. The majority of the rabbits, however, were given 
twenty-seven inoculations each and were not examined until eight 
months had elapsed. Hemolytic streptococci were more virulent and 
killed most of litter 10 within one month. These animals had only five 
inoculations each, but showed abundant arterial changes. In litter 9 
many survived ten inoculations and lived for nine months. Nearly all 
of the rabbits in this litter showed arteriosclerosis at the end of the 
experiment. 

In the absence of gross aortic and arterial changes in series 5, we 
believe that our microscopic observations in monkeys are not conclusive. 

Influence of Cholesterol . — The ingestion of an adequate amount of 
cholesterol for a sufficient length of time will produce arteriosclerosis 
in rabbits. Scarf! fed 50 Gm. of cholesterol, subdivided into daily 
doses of from 0.2 to 0.7 Gm., for six months before aortic changes 
appeared. Shapiro ® found that thyroidectomy, splenectomy and gona- 
dectomy facilitated experimental cholesterol arteriosclerosis. 

We gave cholesterol feedings alone to one rabbit in all litters but 
one, and found no gross changes in the aorta after feeding a total of 
65 Gm. of cholesterol over a period of nine months. In one rabbit, 
however, microscopic thickening of the arteries developed in seven 
months. From these findings we concluded that the quantity of choles- 
terol was not sufficient to create gross changes in the aorta. But when 

7. Scarf?, R. W. : The Production of Experimental Atheroma with Cholesterol, 
J. Path. & Pact. 30:647, 1927. 

8. Shapiro, B. : The Influence of Thyroidectomj^ Splenectomy, Gonadectomy, 
and Suprarenalectomy upon the Development of Experimental Atherosclerosis 
in Rabbits, J. Exper. Med. 45:595, 1927. 
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the same quantity was fed to litter mates that received intravenous injec- 
tions of streptococci, there was a marked involvement of the blood 
vessels. By combined bacterial injections and cholesterol feedings, 
arterial lesions were produced in six of seven rabbits (85 per cent) and 
gross signs of arteriosclerosis in the aortas of four of the seven ( 57 per 
cent). Arteriosclerosis was more prominent in these rabbits than in 
those without hypercholesteremia. These rabbits received an average 
of only 46 Gm. of cholesterol during an average period of seven 
months. The minimum number of inoculations with streptococci was 
five and the maximum number twenty-seven. It is probable that infec- 
tion of the blood stream plays an important role in precipitating choles- 
terol in the inflamed walls of blood vessels. 

Spontaneous Arteriosclerosis in Rabbits . — Sufficient evidence has 
accumulated in recent years to show that spontaneous arteriosclerosis, 
primary in the intima, is not common in normal rabbits. Newburgh and 
Clarkson ® reviewed this subject and differentiated between true arterio- 
sclerotic lesions of the intima and the spontaneous medial calcifications. 
Dominguez,^® in 1928, summarized all of the available literature on 
spontaneous arteriosclerosis, and expressed the belief that the unusual 
incidence reported by Miles in 1907 was a local phenomenon. Since 
that time many normal animals have been examined in this country and 
in Europe, and in an analysis of the records of more than thirty-five 
hundred rabbits examined and reported on in the last twenty years, 
Dominguez found that by including all arterial changes the incidence 
was only 6 per cent, and of these only 4 per cent, or 0.3 per cent of 
the total number, showed severe lesions. Nuzum and co-workers 
reviewed this subject in 1930 and studied one hundred and ninety 
rabbits living under normal conditions for two or three years. They 
concluded that spontaneous arteriosclerosis is infrequent. 

All of our controls and inoculated rabbits were litter mates, and 
none of the controls had arterial lesions that were visible grossly. In 
the microscopic examinations, which were as thorough in the controls 
as in the inoculated animals, we found a spontaneously thickened artery- 
in a control only once. Within two months this animal died of pneu- 
monia and nephritis. The fact should be emphasized that our experi- 
mental animals all belonged to young, healthy litters and ranged between 
two and three pounds (907 and 1,360 Gm.) in weight at the beginning 

9. Newburgh. L. H., and Clarkson, S. : The Production of Atherosclerosis in 
Rabbits by Feeding Diets Rich in Meat, Arch. Int. Med. 31:653, 1923. 

10. Dominguez, R. : Effect on the Blood Pressure of the Rabbit of Arterio- 
sclerosis and Nephritis Caused by Uranium, Arch. Path. 5:577, 1928. 

11. Nuzum, F. R.; Elliot, A. H.; Evairs, R. D.. and Priest, Blanche V.: The 
Occurrence and Nature of Spontaneous Arteriosclerosis and Nephritis in the 
Rabbit, Arch. Path. 10:697, 1930. 
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of the experiments. All rabbits were examined by the end of ten 
months. In addition to our controls, we have examined more than one 
hundred uninoculated rabbits, exclusive of the present series, and have 
failed to find gross aortic lesions. We are convinced that spontaneous 
arterial lesions are rare in young healthy rabbits on a normal diet. 

summary 

We have described lesions in the aorta and other arteries in rabbits 
inoculated with streptococci from sclerotic coronary arteries, coronary 
thrombi and sinusitis. These lesions include acute arteritis with or 
without thrombosis and arteriosclerosis of the aorta and other arteries. 
The experimental changes are comparable with the corresponding arte- 

SUghA a.ttevkl cb.a.v.ges, were, observed in. 
monkeys following injections of streptococci, but the changes are 
regarded as inconclusive. 



HYPERVITAMINOSIS D AND ARTERIOSCLEROSIS* 


H. L. VANDERVEER, M.D. 

TORONTO, CANADA 

Much experimental work has been done to determine the toxic 
effects on laboratory animals of excessive doses of viosterol (irradiated 
ergosterol). It has been shown that massive doses produce a marked 
metabolic disturbance characterized b}^ a condition of hypercalcemia 
and hyperphosphatemia, and result in the formation of calcium deposits 
in various organs of the body. The recent work on viosterol has been 
summarized by Pfannenstield 

Ergosterol, the provitamin D, is a sterol obtained principally from 
yeast and ergot, and, when irradiated, has an antirachitic property 2,000 
times that of cholesterol, in which substance ergosterol is found as an 
impurity (Blunt and Cowan"). Koch, Koch and Ragins ® concluded, 
after experimenting with various sterols, that the provitamin D activity 
is not limited to ergosterol. The toxic effects of massive doses of vio- 
sterol have been reported on by Blunt and Cowan," Duguid,'^ Spies and 
Glover,® Shohl, Goldblatt and Brown,® Klein and others. Laas ® in 
his experiments on rabbits gave single massive doses of viosterol of 
high potency, and observed vitamin D sclerosis of the aorta as early 
as the fifth day of the experiment. The altered phosphorus and cal- 
cium metabolism of animals treated with viosterol has been reported 
by Ashford,® Watchorn,^® Brown and ShohM’^ and others. RabK® 
found that sodium phosphate increased the toxicity of viosterol. The 
possibility has been suggested that vitamin D promotes calcification in 

* Submitted for publication, July 20, 1931. 

*From the Department of Pathology and Bacteriolog}'’, University of Toronto. 
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the body through a stimulative action on the jDarathyroid glands. It is 
notable that the toxic symptoms and the sites of deposition of calcium 
in tissues of dogs following treatment with parathyroid extract described 
by Learner and Hueper are similar to those in animals as a result 
of hypervitaminosis D. Morgan and Garrison studied the effect of 
vitamin D and the reaction of the diet on the response to parathyroid 
extract, and concluded that vitamin D had an intensif3dng effect on 
the toxic action of parathyroid extract, also that vitamin D and an 
alkaline reaction of the diet, together or separately, increase the response 
to parathyroid extract. Pappenheimer stated that cod liver oil and 
viosterol in therapeutic doses are both antirachitic in the absence of 
parathyroid gland or of thymus, or of both. The purpose of this 
study has been to produce arteriosclerosis in rabbits by means of 
large doses of in-adiated ergosterol, and to follow the sequence of 
events in the pathologic processes in the affected vessels; and also to 
ascertain the order of involvement of tissues other than arteries that 
shown evidence of calcareous degeneration as a result of hypervita- 
minosis D. 

THE EFFECT ON RABBITS OF THE ADMINISTRATION OF 
TOXIC DOSES OF IRRADIATED ERGOSTEROL 

Materials and Methods Used . — ^For these experiments t\vent 3 f-four young healthy 
rabbits were selected, ranging in age from 3 months to 1 j^ear. For treatment with 
irradiated ergosterol, these were divided into small groups according to their age 
and weight. The irradiated ergosterol used was a biologicalb' tested product with 
a potency of 10,000 D ; therefore, the vitamin D potency was 10,000 times 
the vitamin D potency of good cod liver oil. The dosage selected for the 3 "ear old 
rabbits was approximately 0.5 cc. per kilogram of body weiglit, and the dosage for 
the younger animals was varied proportionateb’-. In all the experiments the 
irradiated ergosterol was given in biweekly doses by the subcutaneous route, sterile 
precautions being used, and the termination of each e.xperiment was by" the spon- 
taneous death of the treated animal. At autopsy, after macroscopic examination, 
blocks of tissue from the following organs were immediateb'’ preserved in a neutral 
solution of formaldehyde, U. S. P. (1:10), and in Zenker’s solution: aorta 
(complete) and branches, heart, kidneys, liver, lung, stomach, spleen, pancreas, 
suprarenal glands, brain, thyroid gland, parath 3 ''roid and salivary glands and bone 
marrow of the femur. After fixation, frozen and paraffin sections were made. 
Frozen sections were stained with Sudan III to demonstrate fat, and counterstained 
with hematoxylin. The principal stains used for the paraffin sections were hema- 

13. Learner, A.: J. Lab. & Clin. Med. 14:921, 1929. 

14. Hueper, W. : Metastatic Calcifications in the Organs of the Dog After 
Injections of Parathyroid Extract, Arch. Path. 3:14, 1927. 

15. Morgan, A. F., and Garrison, E. A.: J. Biol. Chem. 85:687, 1930. 

16. Pappenheimer, A. M.: J. Exper. Med. 52:805, 1930. 

17. Viosterol 10,000 D was supplied for the experimental work by Mead, 
Johnson and Compan 3 c 
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toxj'lin and eosin, ^'erhoefI■s metliod for staining elastic tissue, van Gieson's picro- 
fuchsin, alizarin and von Kossa's silver nitrate method for identifying calcium 
deposits. 

Macroscof'ic Obscn-atiofis . — The general effects noted in the rabbits 
recemng large doses of irradiated ergosterol were a continuous loss 
of weight and finally cacliexia followed by death. At autops}*, there 
was no gross lesion indicating the cause of death; the animals were 
poorly nourished, and tliere was a noticeable absence of adipose tissue. 

The aorta, when marked medial involvement was present, showed 
an irregularit}' of contour from an outpouching and twisting of its 
walls. Such an aorta, when cut open, revealed a multitude of lesions 
that were A-isible on its intimal surface as grayish, plaquelike depressions 
raining in size and bounded by the normal arterial wall, ■which had 
the appearance of a fold in this situation. The findings varied in tlie 
different animals, from a minor degree of arterial involvement situated 
about the aortic sinuses, to a diffuse embedding of the calcareous 
deposits in the aortic wall and its immediate branches. 

The heart in the longer experiments was generally hypertrophied — 
in all cases the walls were relaxed and flabby. Except in one animal, 
the cut surface ahvaj-s appeared normal. In this case (no. 84) the 
heart, when cut open, showed a gra}-ish-white area, irregular in out- 
line, which extended through the interventricular septum. Later this 
proved to be an area of calcification. In two cases (nos. 84 and 182), 
the anterior surface of the pericardium had a wrinkled, withered 
appearance, and this portion was shown in stained sections to have 
undergone a hyaline change. 

The kidneys were normal in shape ; occasionally they Avere congested 
and soft. The capsules stripped readil}'-, leaving a glistening, smooth 
surface. The cut surfaces of these kidneys presented no gross abnor- 
malities; only occasionally a minute area of calcification was rdsible. 

In a few animals a pneumonic condition was evident in the lungs. 
Frequently the lower borders of the lungs were congested. In one case 
(no. 182), a section of the pleural surface appeared similar to the peri- 
cardial surface mentioned — dry and wrinkled, and somewhat rough to 
the touch. Microscopicall}'', this part of the membrane showed a calcium 
deposit covering its surface, while in the adjoining sections a hyaline 
change had occurred. 

The liA^er was usually normal in appearance, unless the rabbit Avas 
infected Avith coccidia. The liA’^er of one animal (no. 138) had an entire 
lobe calcified; this lobe Avas attached to the normal-appearing liA'-er by 
a firm, fibrous pedicle. 

The spleens of these animals AA’-ere, as a rule, much smaller than 
normal and appeared congested. 
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The bone marrow of the femur was soft and varied from pale to 
deep red. 

The stomach in one animal had a firm, raised, yellowish-white area 
in its wall; this region Avas later shown to contain calcium. No other 
abnormalities were noted. 

The other organs examined appeared normal. 

Microscopic Observations in Arterial Lesions. — The type of arterio- 
sclerosis found in the arteries of I'abbits treated with toxic doses of 
irradiated ergosterol is comparable to that produced in rabbits by the 
administration of epinephrine hydrochloride, barium chloride, digitalin 
and diphtheria toxin, as described by Klotz,^® and to the experimental 
work-arteriosclerosis described by the same author,^® rvhich resembled 
the Monckeberg sclerosis of the peripheral arteries in human beings, the 
main points of difference between Adtamin D sclerosis and the Moncke- 
berg type being the site of the earliest lesions, Avhich Avill be described 
later. There is a general agreement among experimenters as to the 
type and histologic characteristics of the advanced Aotamin D lesion, but 
more differences of opinion are expressed about the earliest site of 
arterial invoh'-ement. The A^ariation in the early obserA’-ations reported 
by different authors is possibly due partly to the fact that indiAddual 
animals of the same species A’-ar}’- in their susceptibility to tlie toxic 
action of viosterol, and to the A'ariation in potency of the preparations 
of irradiated ergosterol used in their experiments (Hess, LcAvis and 
Rivkin^o). 

In describing arterial lesions found in rabbits it is AA’^ell to keep in 
mind the fact that this animal is subject to spontaneous sclerosis, 
AAdiich may attack both the intimal and the medial coats of the blood 
A'^essel, and Avhich manifests itself as a proliferatiA'^e lesion in the intima. 
and a degeneratNe one in the media (Nuzum, Elliot, Evans and 
Priest "^) . The medial lesions occurring in rabbits treated Avith viosterol 
differ from the Mdnckeberg type of arteriosclerosis both in the fact 
that the muscle cells are not the earliest site of the calcareous deposit 
in these arteries, and in the fact that the middle zone of the media is 
not the area commonly inA’^oh'-ed in the mature lesion. The earliest 
calcareous deposits are intimately related to the elastic fibers in the 
aorta and to the internal elastic lamina of the muscular t3'^pe of arteries, 
and in both t3'^pes of vessel to the interstitial substance adjacent to the 
inA^oEed fibers. The location of the earl3'- lesions in the aorta tends 

18. Klotz, Oskar; Brit. M. J. 2:1767, 1906. 

19. Klotz, Oskar: Montreal M. J. 37:165, 1908. 

20. Hess, A. F. ; Lewis, J. M., and Rivkin, H. : Newer Aspects of Thera- 
peutics of Viosterol (Irradiated Ergosterol), J. A. M. A. 94:1885, 1930. 

21. Nuzum, F. R. ; Elliot, A. H. ; Evans^ R. D., and Priest, B. V. : The Occur- 
rence and Nature of Spontaneous Arteriosclerosis and Nephritis in the Rabbit, 
Arch. Path. 10:697, 1930. 
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to be along the inner half or inner third of the arterial wall; in the 
arch, calcareous plaques are frequently scattered throughout the medial 
coat, while on the lower section of the abdominal aorta the lesions lie 
to the inner third of the media, Avhere, without exception, they are 
found in early lesions of the muscular type of arteries. In the experi- 
ments concerned here, only in one artery was evidence found of a 
secondary reaction, proliferative in nature, occurring in the intima 
over an underlying area of medial degeneration. Intimal proliferation 
was more common in relation to a hypertrophied section of the media 
in which no other pathologic change was demonstrable. In the late 
stage, the medial lesions were degenerative, causing such destruction 
to the medial coat that at the site of extensive calcification this coat 
appeared markedly thinned, while externally the vessel showed small 



Fig. 1 (experiment 356). — Arch of aorta showing vitamin D arteriosclerosis. 
Note calcareous deposits about elastic fibers in the media. Hematoxylin and eosin; 
X 80. 

outpouchings of its wall. The explanation of these apparent dilations 
was found on microscopic examination of the cross-sections of the 
walls of the vessel. It was then noted that in these areas the elastic 
fibers were straightened out and rigidly fixed in an extended position 
by calcareous granules deposited over the elastic fibers and in the tissues 
about them; therefore, these portions of the wall of the vessel could 
not undergo the usual postmortem contraction. On the intimal sur- 
face, these lesions appeared as depressed areas varying in circumference 
from 0.1 to 0.4 cm., with their margins thrown up into a fold. The 
intima over them appeared unchanged. 

In the aorta, the earliest calcareous deposits appeared locally in the 
cement substance along the surface of the elastic fibers of the media, 
or in the intercellular matrix lying immediately adjacent to these 
fibers, so that they first appeared to be outlined with a fine, granular 
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deposit, which later took the form of an incrustation. These granules 
stained a deep purple with hematox)din, and a color varying from 
brown to black with silver nitrate, a finding that has been accepted 
in the i^ast as representing a deposit of calcium salts in the tissues. 
Recently Cameron -- reported that there is no specific stain for calcium, 
and that areas of calcification ax'e very complex in structure, with 
calcium occurring only as a small portion of the deposit. Preceding 
the appearance of the granular deposit, a change took place in the inter- 
cellular matrix; there was an increase of this substance, produced 
appai'ently b}’- some process of dilution, whereby its staining qualities 



Fig. 2 (experiment 355). — Iliac artery showing calcareous deposit in the cement 
substance along the medial border of the internal elastic fiber. Hematoxxdin and 
eosin; X 200. 

were altered so that the areas stained faintly or not at all. This change 
was neither a mucoid nor a fatty degeneration. 

The incrustation of short lengths of elastic fibers mechanical^ 
interfered with the pliability of these fibers, so that the contraction 
waves became coarse and irregular; adjacent affected fibers appeared 
to increase in length and tended to contract in unison and later 
straighten out and lie in parallel lines in the axis of the circumference 
of the media. Some of the fibers were frequently pushed widely 
apart in an uneven manner owing to the increase in the intercellular 


22. Cameron, J. R.: J Path. & Pact 33:929, 1930 
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substsncc cind also to ths contraction of tlic adjacent muscle fibei'S. 
Later there was evidence of a crowding together of the affected fibers 
away from the direction of the lumen of the vessel. 

At this stage, the muscle cells lying between the involved elastic 
fibers still appeared healthy and stained normally, while the elastic fibers 
themselves were unaltered and stained evenly by Verhoeffs method. 
In more advanced lesions, the staining of the elastic fibers became 
interrupted at varying intervals and later the stained fibers presented 
a granular appearance. The muscle cells became compressed by the 



Fig. 3 (experiment 138). — Renal artery showing calcification of media and 
adventitia in one portion, and elastic laminae closely compacted. Hematoxylin and 
eosin; X 200. 

crowding together of the elastic fibers, and the cytoplasm and nuclei 
of the thin, elongated cells stained deeply. Later, when a heavy, 
plaque-like deposit of calcium was formed in the interstitial substance, 
the muscle cells in the central part of the lesion underwent degenera- 
tion, the cytoplasm of each cell becoming swollen and vacuolated with 
a stringy appearance of the cell margin. The nuclei were small and 
pyknotic. Following this change, the muscle cells became necrotic, 
the elastic fibers atrophied and were broken up into small fragments, 
and a coarsely granular mass of calcareous material filled the area of 
degeneration. The margins of these lesions shaded off into normal 
tissue. It is surprising what an accumulation of calcareous material 
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is first deposited over and about the elastic fibers and muscle cells, 
before either show evidence of marked degeneration. 

In the muscular arteries, the sequence of arteriosclerotic change was 
similar to that found in the elastic type of blood vessel. The earliest 
site of involvement was the medial side of the elastic lamina. Here 
a focal change occurred in the interstitial substance, revealed by an 
increase in its volume and a decrease in the intensity of its staining 
qualities. Accompanying this process, a fine, granular deposit of calcium 
was formed along the medial surface of the internal elastic lamina, at 
first as a thin covering, and later as a dense coat surrounding it for 



Fig. 4 (experiment 182). — Bronchial arter 3 '- sliowing calcification of one segment 
of the media, while the remaining portion is Iwpertropliied. Hematoxylin and 
eosin; X 80. 

short intervals. This deposit spread in the adjacent intercellular sub- 
stance, until at a late stage the entire media of a segment of the Avail of 
the vessel was iiiA^oh^ed, the adA'^entitial coat rarely being included. 
None of the lesions in the muscular arteries shoAved evidence of a 
degeneratiA’e change in the internal elastic membrane. There was only 
a mechanical interference AAUth its pliability, shoAvn by a straightening 
out of the usual fine contraction waA'-es so that the membrane Avas 
throAvn into coarse, irregular folds when the underlying actiA'^e muscle 
cells contracted. The muscle cells in these arteries Avere compressed 
from the direction of the lumen of the vessel outward, but except for 
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small areas showing a hyaline-like change where this compression was 
most marked, no primary degeneration of the muscle cells occurred. 
The cells lying just external to the internal elastic membrane were the 
first to be caught in the outward' extension of the calcium deposit from 
the region of the lamina, and thus lost their contractile power and 
followed the uneven folds of the lamina, while the more external, 
healthy muscle fibers continued to contract in a normal manner. 

The apparent thinning of the wall of the vessel in early vitamin 
D lesions before definite degeneration of the tissue elements takes 
place is a mechanical phenomenon due to pressure from within the 
lumen of the vessel outward, first manifested by the compression of 
the muscle cells in the layer situated directly external to the inner 
elastic lamina, and gradually involving the entire medial coat. Evidence 
that the inner coats are most afifected by a process of stretching and 
loss of elasticity of their fibers is found in the aorta studded with 
vitamin D lesions which, when cut open, everts in both a longitudinal 
and a horizontal direction. 

In this series of experiments, intimal lesions were uncommon as a 
result of hypervitaminosis D. The lesions found in the intima were 
minute and almost without exception hyperplastic, produced by a split- 
ting of the internal elastic membrane and an increase of the muscle 
cells and fibrous tissue. In all these cases, the underlying arterial wall 
showed no evidence of degeneration or calcification, but instead, a 
marked hypertrophy of the muscle cells and an increase in the number 
of elastic fibers. These lesions suggested a compensatory hyperplasia 
of the intima produced h)’- increased functional activity, the same stim- 
ulus as that afltecting the cell activity of the underlying medial coat. 
Increased work over an extended period has been found to cause hyper- 
trophy of the musculo-elastic layer of the intima and splitting of the 
internal elastic membrane in carotids of experimental animals 
(Klotz-^). One animal showed a more advanced lesion of this type; 
in this, the internal elastic lamina was split into numerous fibers, which 
were spread apart by proliferating layers of muscle cells. In the result- 
ing nodule formation, many of the muscle cells were rounded in outline 
with clear, vacuolated cytoplasm, containing centrally placed p3d<- 
notic nuclei. Varela and his co-workers described this type of lesion 
as one specific for vitamin D sclerosis. 

As mentioned before, in one animal only was there found a small 
regenerative lesion of the intima, which occurred over an area of 
extensive medial calcification. Duguid * from his experiments reported 
hyperplasia of the intima only over areas of medial degeneration. 

23. KIctz, Oskar: J. Exper. Med. 12:707. 1910. 

24. Varela. B.: Collazo. J. A.: Moreau, J., and Rubino, P • 
f. patli. Anat. 274:270, 1929. 
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Evidence of a toxic degeneration of the muscle cells occurred in 
focal areas in portions of the aorta where there was no suggestion of 
a calcareous lesion. The injured cells were from round to oval in out- 
line, with clear, colorless C)doplasm and contained centrally placed, pyk- 
notic nuclei. In frozen sections, these cells showed no evidence 
of fat. These lesions occurred in the outer or inner third of the medial 
coat or throughout the entire medial coat. Laas ® found the same type 
of degeneration in rabbits exposed to chronic intoxications, particularly 
in animals that had died a natural death. In the present experiments, 
the same type of degeneration was found occurring in muscle cells 
situated in the longitudinal muscle la)'er of the stomach. 


Table 1. — Relation of Length of Experiment to Degree of Calcification of Aorta 


Experiment 

Days 

Gain or Loss 
in Weight, 
per Cent 

Calcification 
of Aorta 

Age of 
Rabbit, 
Mo. 

Total Dosage 
of Viosterol 
10,000 D, Cc. 

353 

18 

— 15,7 

0 

12 

0.5 

356 

25 

—31.9 

+ 

12 

1.1 

354 

28 

—42.0 

++ + + 

12 

3.0 

355 

33 

—20.4 


12 

4.0 

352 

42 

—32.9 

4- 

12 

0.6 

357* 

70 (killed) 

+ 0.1 

0 

12 

7.1 

139 

14 

—17.5 


12 

2.0 

178 

SO 

—34.1 

++++ 

12 

8.0 

138 

41 

? 

++++ 

12 

0.0 

182 

62 

—37.2 

+ 4' + '4 

12 

17.0 

11 

11 

? 

++++ 

8 

2.0 

9 

10 

? 

0 

3 

2.5 

10 

25 

— ^7-0 

+++ 

r* 

8.5 

12 

25 

—38.0 

+ 4' 4" 

3 

3.5 


^ Tho animal in experiment 357 received calcium (in the form of calcium gluconate-Sandoz) 
in daily doses of 15.4 mg. intramuscularly. The animal gained in weight and was killed on 
the seventieth day of the experiment. No areas of calcification were found in the tissues. 


The occurrence of the calcareous lesions in the inner thirds of the 
arteries has been referred to. The region of the aortic sinuses was the 
first area attacked. The process extended downward, and no segment 
of an artery within the involved area was found free. The process 
frequently stopped abruptly at the diaphragm, or extended along the 
abdominal aorta to its branches and to the vessels of the extremities. 
There was no evidence of grouping of the calcareous plaques about the 
ostea of the intercostal arteries or the lower branches of the aorta. 
There was a tendency for the lesions to miss the under part of the aortic 
arch and the posterior wall of both the thoracic and abdominal aorta. 
The most severe changes were in the arch and thoracic aorta. The 
cardiac valves and the pulmonar}'’ vein were frequently extensively cal- 
cified. 
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Fatty changes were not present in all lesions of medial calcification 
produced by viosterol. In frozen sections stained with sudan III it 
was usual to find from fine to coarse droplets of fat between the elastic 
fibers in the medial coat surrounding a thick, calcareous plaque. The 
droplets tended to mass in the tissues lying at the external margin of 
the calcified area. These observations were not constant, for often in 
an adjacent lesion of apparent^ equal intensity no fat could be demon- 
strated ; nor was evidence of fat found in relation to the early granular 
deposits in the media. After decalcification of frozen sections, the 
site of a previously heavy calcareous deposit and the external border of 
such a lesion often showed fine droplets of pale yellow-staining fat, or 
coarse fat globules, located in the interstitial substance lying between 


Table 2. — The Effect of Excessive Doses of Viosterol on Rabbits 
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+ = deereo of calcification of tissues. 


the elastic fibers. In the intima, fat droplets were occasionally present 
within the cells of a proliferative lesion. 

Calcification in Organs Other Than Arteries . — ^An extensive deposit 
of calcium in the cardiac muscle occurred in one animal in an area of 
degenerated tissue surrounded by a zone of infiltrating leukocytes and 
walled off by fibrous tissue. In three other animals, minute deposits 
of calcium were found in small focal areas of degenerated muscle 
where the muscle fibers were vacuolated. In these four cases, the 
coronary arteries were moderately sclerosed. In two other cases there 
was a hyaline degeneration of a portion of the pericardium. 

The kidneys of eight animals showed calcareous deposits in the 
parenchyma and slight deposits in some of the blood vessels. The 
lesions varied in severity; only in one case was there marked involve- 
ment of the organ. Calcium casts occurred, as a rule, in the tubules 
of the cortex and frequently were associated with further destruction 
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of the tubular epithelium in the ai'eas where these casts had lodged. 
Calcium deposits were found in the basement membrane of scattered 
tubules in the cortex, also rarely in the glomerular capsules and in the 
media of the interlobular arteries and arterioles. In four of these 
cases, the renal artery was sclerosed. Sections of kidney stained for 
fat showed heavy fat deposits in the degenerating tubules that were 
filled with casts of calcareous material. In all the kidneys there was a 
granular degeneration of the tubules, generally accompanied by cloudy 
swelling. 

Two animals showed calcium deposits in the lungs ; in one of 
these there were a few scattered granular particles in the mucous mem- 
brane of a large bronchus; in the other (no. 182 ), the greater part 
of the pleura of one lobe, which was covered on its inner surface by an 
extensive inflammatory exudate, was completely calcified. Areas of the 
pleura not calcified had undergone hyaline degeneration. Calcification 
had also occurred in the elastic fibers in the wall of a large bronchus. 
The bronchial arteries, the pulmonary' vein and the smaller vessels 
were markedly sclerosed. Both these animals had an inflammatory 
process in the lung simulating bronchopneumonia. No calcification 
occurred in the bronchial muscles in any of the animals. 

Calcification occurred in the livers of three animals. In two, the 
process concerned greatly enlarged bile ducts, the result of infection 
with coccidia. The third animal had one lobe of the liver calcified, as 
mentioned before. Examination of the adjacent, fairly normal tissue 
leading to the pedicle of the calcified lobe showed marked destruction 
of the liver parenchyma and fibrosis, but no indication of whether the 
disturbance was a vascular or an inflammatory’ one. In every case 
some form of tissue degeneration was present in the liver. Congestion 
was generally' marked, with varying degrees of atrophy' of cells about 
the central areas. 

In six animals, the stomach showed calcification of a portion of its 
wall ; in four, moderate calcareous deposits were located in the circular 
muscular coat ; in one, a small amount of calcium was deposited in the 
longitudinal muscle fibers, with a few scattered granules in the glands 
of the mucous coat; the remaining animal had a moderate deposit only 
in the serosa, and in this area there was a small sclerosed artery'. These 
calcareous deposits in the muscle fibers were found only' in regions of 
focal degeneration, which were scattered through the muscle coats. The 
cytoplasm of the muscle cells in these situations first appeared vacuo- 
lated ; later a fine granular deposit of calcium was laid down either in 
the degenerating cells or in the intercellular substance about their bor- 
ders. 

Brain tissue showed no abnormalities and no sclerosis of the arteries. 
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The spleen in the majority o£ cases was markedly congested and fre- 
quently showed large amounts of hemosiderin phagocytosed by endo- 
thelial cells. The malpighian bodies were degenerated and atrophied, 
and diminished in number, so that often few corpuscles remained in 
the degenerated pulp tissue. In one case, the splenic artery was 
sclerosed. 

No calcified areas were found in the suprarenal glands. In one 
gland a small, oval section of bone complete with a centrally placed 
medulla was incorporated in the cortex just beneath the capsule. 
There was no disturbance of the surrounding parenchyma. 

The thyroid glands indicated various states of activity. Two were 
extensively fibrosed; the others appeared normal. 

There were no gross abnormalities in the parathyroid glands ; they 
were about normal in size or showed a very slight increase above the 
normal, except in one case in which the glands were definitely enlarged. 
The parenchymal cells were normal in size, shape and staining qualities 
and in relation to each other. In these parathyroid glands the capillary 
channels were distended and congested. In dogs dying of acute hyper- 
parathyroidism, the parathyroid glands are reduced to one-half their 
size, and the parenchymatous cells are distorted and diiuinished in 
size (Jaffe and Bodansky-®). 

The salivary glands were normal. The pancreas in the majority 
of cases indicated no abnormality; however, in three cases the 
islet cells had undergone degeneration; the cytoplasm was granular 
and occasionally vacuolated, the cell margins were indefinite, and man}’' 
of the nuclei were small and stained deeply. 

The bone marrow in every case showed a marked hyperplasia of 
the erythrogenic centers, with congestion of the capillaries, usually 
accompanied by an increase in the number of granular calls. There 
was no evidence of destruction of marrow or of fibrosis such as that 
produced by experimental hyperparathyroidism (Jafife and Bodansky 

Rabbit 357 received a total dosage of viosterol that exceeded any 
other dose administered in the same experimental group, together with 
daily doses of calcium gluconate. I cannot give any explanation wh}- 
this animal, when killed on the seventieth day of the experiment, showed 
no evidence of calcareous lesions either in the arteries or organs. 

CONCLUSIONS 

Vitamin D arteriosclerosis is not a specific type, for well developed 
lesions resemble those experimentally produced by the administration 
of epinephrine hydrochloride, barium chloride and . digitalin, the main 
point of dilterence being the primary site of tissue involvement. Inflam- 


25. JafTc, K. L., and Bodansky, A.; J. Exper. Med. 52:669, 1930. 
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inatory processes are not a factor in its production, as no cellular 
infiltration occurs in or about these lesions. Nutritional disturbances 
alone do not account for their early formation, for instead of the entire 
arterial wall becoming involved, the lesions are patchy in their distribu- 
tion and appear to follow the location of areas of stress and strain in 
the vessel. Evidently the toxic and mechanical factors are more impor- 
tant. Toxic degeneration occurs in these arteries, and though not 
always in relation to the primary medial calcification, it appears to have 
a relation to the changes in the intercellular substance that allow calcium 
to be deposited in that region. No specific type of degeneration of 
tissue precedes the initial deposit of calcium about the elastic fibers. 
At a later period, the mechanical factor introduces its local influence. 
Evidence occurs in the tissues of the failing ability of the arteries to 
maintain a proper circulation in the bod3^ At autopsy, the heart is 
hypertrophied, there are passive congestion of the spleen and focal 
necrosis in the liver, congestion of the lungs and of the capillaries of 
the bone marrow, and generalized hypertrophy of the walls of the 
smaller blood vessels. 

The first action of vitamin D on the tissues of organs other than 
blood vessels appears to be a toxic one, as shown by the focal areas of 
loosening of the muscle cells from their embedding substance, so that 
they tend to assume a rounded outline and later undergo degeneration 
and calcification. This is a prominent observation in the cardiac 
muscle and the muscle of the wall of the stomach. The early 
toxic action on the renal epithelium is also marked by an exten- 
sive granular degeneration and cloud}'- swelling. The calcium depos- 
its in the organs due to hypervitaminosis D are, in practically 
every case, preceded by demonstrable injur}’- to the tissue. Cal- 
cification of the muscles of the heart and stomach is preceded by a 
specific type of degeneration, whereas the type of change leading to 
calcification of the arterial walls is less definite. In the heart, as these 
experiments showed, calcification is preceded by sclerosis of the cor- 
onary arteries and the degeneration of small focal areas of muscle 
fibers, generally located near sclerotic blood vessels. 

In the kidney, the first sign of calcification is the appearance of 
calcareous casts formed around degenerated epithelial cells and debris 
in the tubules. Later the tubular epithelium opposite the localization 
of the casts undergoes degeneration and calcification. Degeneration of 
the renal parenchyma occurs in relation to sclerosis of the interlobular 
arteries and their branches. This is followed by calcification. 

It would appear that calcium deposits occurring in hypervitaminosis 
D have a predilection for elastic tissue, as evidenced b}'- the regularity 
of the deposits along the elastic fibers in the blood vessels and the 
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involvement of the elastic tissue of the walls of bronchi^ as well as for 
tissues suffering hyaline degeneration. 

The earliest changes in elastic fibers are difficult to demonstrate, 
so that it is possible that these fibers undergo some type of degenera- 
tion prior to the deposition of calcium along their outer surfaces. 

In these experiments there was no indication that excessive doses 
of irradiated ergosterol cause any morphologic change in the parathyroid 
glands of the rabbit, either in the form of a hyperplasia or of a degen- 
erative process in the parenchyma of the glands. 

SUMMARY 

The arteriosclerosis produced by hypervitaminosis D is not specific. 

The earliest calcareous deposits in the blood vessels are in the form 
of an incrustation about the elastic fibers in the media, and are pre- 
ceded by some change in the adjacent intercellular substance. Degen- 
eration of the muscle cells of the media appears at a later period. 

In these experiments, the order of involvement of tissues show- 
ing calcareous deposits as a result of h3'pervitaminosis D, other than 
arteries, was ; kidneys, stomach, heart, liver and lungs. 

Tissue degeneration due to a toxic process precedes calcification of 
these organs. 

The proliferative lesions occurring in the intima in arteries are not 
dependent on a primary degeneration of the media. 

No changes occurred in the bone marrow or iii the parathyroid 
glands comparable to those found in hyperparathyroidism. 
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The character of the cellular response to infection with tubercle 
bacilli has been the subject of long continued active investigation. 
Especial emphasis has in recent years been laid on the monocyte, which 
Cunningham, Sabin and their co-Avorkers ^ identified as the precursor 
of the epithelioid cell. Sabin, Doan and Forkner,- moreover, credited 
certain specific chemical constituents of the tubercle bacillus, obtained 
from its lipoid fraction, with a selective affinity for and action on this 
cell. The monoc3des entering into the early formation of the tubercle, 
according to their Anew, come in part from monocytes of the blood 
stream, but to a larger extent from primitive monocytes already present 
among the fixed elements of the infected tissues. Other investigators 
have traced the origin of the tubercle to tissue cells of the histiocjTic 
or clasmatocytic class, in general to cells of the so-called “reticulo- 
endothelial system,” which A'^aiy in appearance and deA’-elopment accord- 
ing to the exigencies of their enAu’ronment. The monophyletic school of 
hematologists have refused to make fundamental distinctions in the 
nature of the reacting mononuclear cells, tracing them all back, in spite 
of their great morphologic A'^ariation in indiAUclual lesions, to a single 
stem cell (e. g.. Maximow®). 

The intensity of interest in the mononuclear cells entering into the 
formation of the epithelioid tubercle has drawn attention away from the 

* Submitted for publication, Aug. 1, 1931. 

*From the Department of Pathologj'^, University of Chicago. 
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cel] long known to be the first responding element on infection with 
tubercle bacilli, but not considered of much significance in tubercle for- 
mation, viz., the neutrophilic polymorphonuclear leukocyte. One of us 
(Dr. Vorwald;-^ see his paper for literature on the subject) recently 
emphasized this earliest response as of genuine importance in the devel- 
opment of the tubercle. He stressed the fact that investigations on the 
“early” formation of the tubercle, dealing with its development in the first 
few days, have largely overlooked the truly early changes occurring in the 
first few hours. In a study of tubercle formation in the rabbit’s lung 
after intravenous infection with the human type of tubercle bacilli, he 
showed that an initial intense intracapillary leukocytic response occurs, 
which is spectacular at one hour. Even "at this early period, it is difficult 
to find a tubercle bacillus not taken up by a polymorphonuclear leuko- 
cyte. His results indicate clearly that cells of this group in a highly 
effective way concentrate into small sharply localized cellular masses the 
bacilli introduced into the general blood stream. These masses are the 
groundwork on which the tubercle develops. The polymorphonuclear 
response under the conditions of this experiment thus definitely deter- 
mines the location of development of the future tubercles. As the hours 
go by (the process is particularly well seen at the period from the four- 
teenth to the eighteenth hour), large mononuclear exudate cells gradu- 
ally infiltrate the polymorphonuclear mass, phagocytose the cells of this 
mass, and at the same time take over into their own cytoplasm the tuber- 
cle bacilli previously ingested by the neutrophilic leukocytes. An almost 
complete replacement thus takes place, so that at twenty-four hours a 
tubercle is seen that is predominantly mononuclear, with the tubercle 
bacilli almost exclusively in cells of this class. Subsequent modifications 
of these cells, by the nuclear and cytoplasmic changes that Cunningham, 
Sabin and their co-workers ^ and Sabin, Doan and Forkner - described, 
convert them into typical epithelioid cells. 

The results just described occur on primary infection. It is well 
known that important differences from the characteristics of primary 
infection occur when tubercle bacilli are introduced into the tissues of 
animals already infected with tuberculosis. It is likewise true that 
previous treatment with dead tubercle bacilli modifies the course of 
subsequent infection with virulent tubercle bacilli. Animals thus treated 
not only react positively to tuberculin, but possess a considerable degree 
of immunity.® IMoreover, in animals immunized by treatment with dead 
bacteria, in addition to the general immunity, an exceptionally high local 

■4. \or\vnIcl, .A.. J. : .Am. Rev. Tiiberc., to lie published. 

5. PctrofT. S. A.: Am. Rev. Tuberc. 7:412, 1923. Lange, B.; Freund, R 
and .Tochimsen. E. : Ztschr. f. Hyg. u. Infectionskr. 109:426, 1927. 
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immunity has been demonstrated. This M^as especially well shown by 
Gay and his associates ^ for streptococci in the pleural cavity and bv 
Cannon and Pacheco " for staphylococci in the skin. In view of all 
these facts it seemed desirable to supplement Vorwald’s experiments on 
primary infection with a study of the reaction at early hours in animals 
the reacting capacity of which had been modified by previous infection 
and artificial immunization. 

For a number of reasons, the testis of the guinea-pig was chosen for 
this expei'iment. In the first place, it probably exhibits the allergic 
reaction of reinfection with a higher degree of intensity than an)^ other 
organ of the body.® Parenchymatous degenerative changes and inter- 
stitial inflammatoiy changes are both profound. Secondly, the external 
location and isolated character of the testis render it especially suitable 
for an exi:)eriment in which exact and equal dosage in a series of animals 
is desirable. Finally, the choice of this organ made possible a compari- 
son of the effects of general and local immunization on the development 
and course of a subsequently induced local tuberculosis. For this phase 
of the experiment, one testis was locally immunized by several injections 
of dead tubercle bacilli. Animals of this group thus could be used for 
a comparative study of the effects of local and general immunization in 
the same animal, the reaction to live tubercle bacilli in the immunized 
testis serving as an index of the effect of local immunization, and the 
reaction to an equal dosage of bacilli in the other testis, as an index of 
the degree and character of general immunization. 

PLAN OF EXPERIMENT 

Three groups of guinea-pigs were used: (1) normal guinea-pigs, (2) guinea- 
pigs rendered tuberculous by an injection of virulent human t 3 fpe tubercle bacilli 
(Saranac Lake Hot) one month previously into the left axilla, and h 3 ^persensitive to 
tuberculin at the time of the experiment, as proved by cutaneous tuberculin tests, and 
(3) guinea-pigs that had been treated b 3 ’’ five injections of 0.1 mg. of a suspension 
of heat-killed human type tubercle bacilli (Hai) at intervals of two, four, two and 
four days and that had been allowed to rest one month after the fifth injection of the 
dead bacilli. Several facts of interest developed in connection with this immunizing 
procedure. As was anticipated from the work of Gay and his associates ® and that 
of Cannon and Pacheco,^ extensive scarring resulted, with the production of a 
moderately vascular granulation tissue extensively infiltrated by cells of inflamma- 
tion, especially Lymphocytes and large mononuclear exudate cells. The seminifer- 
ous tubules were not wholly destroyed by the procedure, many persisting with 
characteristic spermatogenesis. 

6. Ga 3 y, F. P. ; Clark, A. R., and Linton, R. W. : Histologic Basis for Local 
Resistance and Immunity to Streptococcus: VIII. Studies in Streptococcus Infec- 
tion and Immunity, Arch. Path. 1:857, 1926. 

7. Cannon, P. R., and Pacheco, G. A.: Am. J. Path. 6:749, 1930._ 

8. Long, E. R.: J. Infect. Dis. 37:368, 1925. 
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Infecting injections were then made as follows : 0.1 mg. of Ha; tubercle bacilli 
per kilogram of animal weight (about 0.05 mg. per animal) was injected into the 
left testis in group 1, the left testis in group 2 and both testes in group 3. Animals 
of each group were then killed at the end of one, three, six, ten, sixteen, twenty- 
four, forty-eight and seventy-two hours. The testes into which the injections had 
been made were fixed in Zenker’s fluid plus formaldehyde and stained with hema- 
toxylin and eosin for general observation, eosin-azure for particular study of the 
leukocytes, and fuchsin, hematoxylin and orange-G for study of the tubercle 
bacilli. 

observations: at one hour 

Normal Cninca-Pig, Left Testis. — Some bacilli were found clumped outside of 
cells; occasionally polymorphonuclear leukocytes were in their neighborhood, and 
a few bacilli were within polymorphonuclears. The blood vessels contained an 
excess of polymorphonuclears. Tubercle bacilli were not seen in mononuclear cells. 
In general, little reaction was present ; on superficial examination, the sections would 
be taken for those of a normal testis. 

Tuberculous Guinea-Pig, Left Testis. — Bacilli in moderate number were 
clumped in groups of polymorphonuclear leukocytes and in clumps outside. Allergic 
reaction, as manifested by an abnormal degree of exudation and degeneration of 
parenchymatous cells, was not yet apparent. In general, the testis looked like the 
left testis of the normal guinea-pig. 

Immunised Guinea-Pig, Left Testis (Locally Immunized). — The testis was 
small, and its tubules were atrophied; in general, it consisted of scar tissue infil- 
trated by cells of inflammation of all types, fibroblasts predominating (the effect of 
local immunization). In one area there was a region of suppuration. Tubercle 
bacilli were seen, occasionally extracellular, occasionally in polymorphonuclears 
and occasionally in large mononuclears. 

Immunized Guinea-Pig, Right Testis. — Bacilli were found outside of cells, 
without appreciable reaction; others were in the midst of a group of polymorpho- 
nuclear leukocj’^tes. In each case, they were clumped. The testis was otherwise 
unchanged. 

Summary. — The reaction at this period was slight in every case. No striking 
difference was seen in the different groups. A tendency to clumping of the bacilli 
was seen in all testes. What little reaction there was was chiefly on the part of 
polymorphonuclear leukocytes, which had concentrated the bacilli in groups and 
accomplished some phagoc 3 'tosis. In the locally immunized testis, where numerous 
large mononuclears were already present, some phagocytosis by this type of cell 
had occurred, but it was not conspicuous. 

AT THREE HOURS 

K ot mal Guinea-Pig, Left Testis. Clumps of bacilli were found in masses of 
polymorphonuclear leukocytes, approximately 15 to 20 leukocytes per group in a 
single section plane. These groups were concentrated in the center of the organ. 

Tuberculous Guinea-Pig, Left Testis.— The testis was hyperemic and definitely 
the seat of an early tuberculin reaction, with barely recognizable degeneration of 
germ cells, but moderateh- extensive, diffuse intertubular infiltration by cells of 
inflammation. These were chiefly polymorphonuclear leukocytes and eosinophils 
Tubercle bac.lh were found in polymorphonuclear leukocytes and not extra- 
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Iiiiinuniscd Gninca-Fig, Left Testis (Locally lmmum::ed). — The testis was 
much scarred and contained cells of inflammation of all sorts, including many 
eosinophils. Spermatogenesis was not entirely destroyed. Tubercle bacilli were 
concentrated in accumulations of poljmiorphonuclear leukocj^tes and not in the large 
mononuclear cells present. 

Iimminized Guinea-Pig, Right Testis. — ^Near the center of the organ was a 
region of accumulation of polymorphonuclear leukocytes. Among these leukocytes 
were many clumps of tubercle bacilli. The region of accumulation had a diameter 
equal to that of two tubules. 

Summary. — The reacting cell was the polymorphonuclear leukocyte in all 
instances, including the locally immunized testis already^ infiltrated by'^ large mono- 
nuclears with phagocytic capacity'. The testis of the tuberculous animal, even at 
this early stage, showed evidence of its general hy'persensitiveness in the extent and 
diffuseness of the intertubular infiltration and the slight degenerative changes in 
the germ cells. 

AT SIX HOURS 

Normal Guinea-Pig, Left Testis. — There was no appreciable tubular degenera- 
tion. Small accumulations of polymorphonuclear leukocy'tes containing tubercle 
bacilli were now present between the tubules. There were similar accumulations 
between tubules, without tubercle bacilli. 

Tuberculous Guinea-Pig, Left Testis. — The tubules were swollen and the germ 
cells degenerated. There was an intense exudation of cells of inflammation and 
fibrin between the tubules. The reaction was more diffuse than in the immunized 
guinea-pig. The cells of the general exudate were chiefly poly'morphonuclears, but 
a moderate number of mononuclears and a moderate number of eosinophils were 
also present. Here and there were small accumulations of polymorphonuclears, 
resembling small abscesses, in which tubercle bacilli were clumped. 

Immunized Guinea-Pig, Left Testis (Locally Immunized). — The testis was much 
scarred and infiltrated by' cells of inflammation of all sorts ; eosinophilic leukocy'tes 
were especially conspicuous. At one margin of the testis, there was a large old 
abscess with a necrotic center surrounded by polymorphonuclears. Scattered 
throughout the testis were small intertubular abscesses made up of poly'morpho- 
nuclear leukocytes containing tubercle bacilli. The mononuclears, which were so 
prominent a part of the picture (as a result of the local immunization), did not 
take part in the reaction to the tubercle bacilli. No phagocytosis by eosinophils 
was seen, although these cells were present in enormous number. 

Immunized Guinea-Pig, Right Testis. — The tubules were normal, but through- 
out the testis there was an intertubular infiltration by cells of inflammation, among 
which eosinophils were extremely numerous. Small, dense accumulations of poly- 
morphonuclear leukocytes containing tubercle bacilli were between the tubules. 
Eosinophils were extremely numerous in the blood vessels. The cells immediately 
around the bacilli were almost exclusively' poly'morphonuclear neutrophils. Aside 
from the scarring previously' produced in the locally' immunized testis, the reaction 
was the same in the right and the left testis of this guinea-pig. 

Summary. — A difference in the degree and character of the reaction in the 
different groups was now readily apparent. In the normal guinea-pig, the reaction 
was slight and chiefly polymorphonuclear. In the tuberculous guinea-pig, an intense 
inflammatory' reaction had developed, and in further contrast to the normal animal, 
the parenchy'matous cells showed beginning degeneration (a well recognized feature 
of the tuberculin reaction in the testis). A feature specifically characteristic in 
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this animal was the exudation of fibrin. In the animal immunized bj' injection of 
dead bacilli, the intensity of the cellular response lay between that of the normal 
and that of the tuberculous animal. The difference from the normal indicated a 
distinct allergic element. Absence of tubular degeneration in the right testis of the 
immunized animal showed that vaccination of the animal with dead bacilli had not 
brought about as intense sensitization of the parenchymatous cells as actual tuber- 
culosis would have. A noteworthy feature of the allergic reaction was the exuda- 
tion of eosinophilic leukoc 3 ^tes, which, in contradistinction to the neutrophils, carried 
out no phagocytosis. The actively reacting cell in all groups was the polymorpho- 
nuclear neutrophil. This was true of the locally immunized testis, in spite of the 
fact that it was full of mononuclears before the injection of tubercle bacilli (fig. 1 A 
and B; fig. 2 A and B). 


AT TEN HOURS 

Normal Guinea-Pig, Left Testis. — ^There was no appreciable tubular degenera- 
tion. There was definite but only moderate intertubular infiltration by cells of 
inflammation. Most of these were polymorphonuclear leukocytes, but many plasma 
cells and some lymphocytes and eosinophils were also present. Eosinophils were 
fewer than in the immunized animals. Tubercle bacilli were found in clumps in 
and among polymorphonuclear leukocj^tes. 

Tuberculous Guinea-Pig, Left Testis. — Polymorphonuclear leukocytes were 
extremely numerous in the small blood vessels. In some vessels, these cells were 
accumulated to such a degree as to produce the picture of small septic thrombi 
(fig. 3). No bacilli were found in these intravascular leukocjdes. Otherwise, the 
picture resembled that at six hours. 

Immunised Guinea-Pig, Left Testis ^Locally Immunised) . — This was a typical 
immunized testis, uniformly scarred with connective tissue and infiltrated by lympho- 
cytes and large mononuclear e.xudate cells. Bacilli were found in polymorpho- 
nuclear leukocytes, which were present in small scattered masses, although in this 
instance only in small numbers. 

Immunised Guinea-Pig, Right Testis. — The tubules showed verjf slight degen- 
eration. On the whole, the picture resembled that at six hours, except that there 
was a larger accumulation of polymorphonuclear leukocytes with tubercle bacilli 
near the center of the organ. 

Summary. — The picture differed from that at six hours chieflj’- in that, in gen- 
eral, the reactions were more intense. Parenchymatous degeneration was now 
becoming apparent in the right testis of the guinea-pig immunized with dead 
bacilli, an effect not j^et noticeable in the normal animal, evidence that vaccination 
with dead bacilli sensitized these cells to some extent. The degree of this degen- 
eration was much greater in the tuberculous animal than in the animal immunized 
with dead bacilli. The pol 3 nnorphonuclear leukocytic response was still the dom- 
inant reaction, and its intensity in the tuberculous and immunized animals greatly 
surpassed its intensity in the normal. 

AT SIXTEEN HOURS 

Normal Gmnca-Ptg, Left Testis. — Tubular degeneration was hardly appreciable, 
but there was a great increase in intertubular infiltration by cells of inflammation,’ 
and m these intcrtubular infiltrations Avere small definite abscesses consisting- of 
polymorphonuclear leukocytes with tubercle bacilli. 
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Note the injection of virulent tubercle bacilli. 

C the left t ^t- ° intertubular exudate in comparison with that in A. 

violent tuherHe U gn>nea-pig seventy-two hours after an injection of 
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o^tub^s mononuclear cells. Note the degeneration of the seminifer- 






Fig. 2. — A_, the riglit testis of a guinea-pig immunized by repeated injections 
of dead tubercle bacilli into the left testis, six hours after an injection of virulent 
tubercle bacilli. Note the exudation of polymorphonuclear leukocytes between 
tubules. The size of the region of exudation is between that seen in figure 1 A 
and B. B, the left testis from the same animal as A, also six hours after an 
injection of virulent tubercle bacilli. Note the e.xtensive mononuclear leukocyte 
infiltration and the tubular degeneration due to local immunization with dead 
bacilli. Note also the e.xtensive infiltration by po^nnorphonuclear leukoc 3 des due 
to the recent injection of live tubercle bacilli. C, the right testis of a guinea-pig 
immunized by repeated injections of dead tubercle bacilli into the left testis, sev- 
enty-two hours after an injection of virulent tubercle bacilli. Compare with A, 
and note that the exudate now consists chiefly of mononuclear leukocytes. D, the 
left testis from the same animal as C, also sevent\--two hours after an injection 
of virulent tubercle bacilli. The intertubular exudate consists almost entirely of 
mononuclear cells, the polymorphonuclear leukocytes characteristic of the reaction 
in B having been replaced. 
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Tnhermloiis Guinea-Pig, Left Testis. — The reaction was a typical one of rein- 
fection, but happened in this case to be less marked than at ten hours. Tubercle 
bacilli were seen in pol}nnorphonuclear leukocj'tic abscesses as usual. Large mono- 
nuclear leukocytes were beginning to mingle with pol 3 miorphonuclears in these 
abscesses. 

iminmticed Guinea-Pig, Left Testis (Locally hnniuniacd) . — The reaction was 
essentially the same as previously described for the comparable testis in the ten 
hour animal. 

Immunized Guinea-Pig, Right Testis. — -Tubular degeneration was now definite, 
but less intense than in the tuberculous animal. Intertubular infiltration was 
increasing greatly, with maity dense accumulations of polj'morphonuclears contain- 
ing tubercle bacilli. 

Summary. — The picture was much like that at ten hours. 
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Fig. 3. — A blood vessel in a zone of inflammatory edema in the testis of a 
tuberculous guinea-pig, packed with polymorphonuclear leukocytes ten hours after 
an injection of virulent tubercle bacilli. This powerful chemotaxis for leukocytes 
is one manifestation of a tuberculin reaction. 


AT TWENTY-FOUR HOURS 

Normal Guinea-Pig, Left Testis. — Tubular degeneration was now beginning to 
be noticeable. Intertubular infiltration bj' cells of inflammation was like that at 
sixteen hours, but more concentrated in spots. Tubercle bacilli were present in 
the accumulations of polymorphonuclear leukocj'^tes. 

Tuberculous Guinea-Pig, Left Testis. — tuberculin reaction of profound sever- 
ity was present, with intense degeneration of the tubular cells and exudation of 
cells of inflammation and fibrin. Tubercle bacilli were still found, for the iTiost 
part, in polymorphonuclears ; nevertheless, large mononuclears were beginning to 
appear in these regions, among the poljunoiphonuclear leukocytes. 
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Iiiiiiiuuii^cd CiihicQ-PiQ , Left Testis (^Locally huituiniced') . Less scarring' than 
usual had resulted from the local immunization. Small polymorphonuclear abscesses 
with bacilli in and among the leukocytes were still found in the regions of b^pho- 
cytic and mononuclear infiltration due to the immunizing. 

Imimmiaed Guinea-Pig, Right Tw/L.— Tubular degeneration was apparent, but 
not marked. Otherwise, the picture was the same as in the corresponding testis 
at sixteen hours. 

Summary. — The reaction of Itypersensitiveness in the testis of the tuberculous 
guinea-pig was now at its height ; its chief features were intense intertubular exuda- 
tion, in which fibrin and leukocytes were abundant, and profound tubular degenera- 
tion. The right testis of the animal immunized by injections of dead bacilli into 
the left testis was the seat of a moderately diffuse intertubular exudate in which 
fibrin was less conspicuous ; tubular degeneration had occurred, but was only 
moderate. In the left testis, locally immunized, the reaction to the recently intro- 
duced bacilli was still polymorphonuclear leukocytic. In the previousl}’’ normal 
guinea-pig the reaction was less intense than in any of the others, and was less 
diffuse; twenty-one hours later than in the tuberculous guinea-pig parenchymatous 
degeneration was beginning to be seen. 

AT FORTY-EIGHT HOURS 

Normal Guinea-Pig, Left Testis. — Tubular degeneration was now definite, 
although slight as compared with that in a tuberculin reaction. Intertubular cellu- 
lar infiltration had increased, but the cells were now predominantly large mononu- 
clears. Definite concentrations of pobunorphonuclear leukocytes, equivalent to. 
abscesses, were present and full of tubercle bacilli. The number of bacilli in these 
accumulations was e.xtraordinary ; the colony-like arrangement, as well as the 
number of bacilli present, was such as to suggest actual bacillary multiplication. 
The bacilli were unusually granular. 

Tuberculous Guinea-Pig, Left Testis. — This testis had a tubercle in it (hema- 
togenous from the original infection) . Outside of this, it showed a profound tuber- 
culin reaction. Regions of polymorphonuclear accumulation and others made up 
chiefly of mononuclears were present. 

Tuberculous Guinea-Pig, Right Testis (An injection was made into the right 
testis because of the condition of the left). — There was a typical tuberculin reac- 
tion, though tubular damage was not so profound. The cells reacting to the tubercle 
bacilli were now about 50 per cent polymorphonuclears and 50 per cent large mono- 
nuclears. A conspicuous feature was the phagocytosis by large mononuclear 
leukocytes of polymorphonuclears containing tubercle bacilli. 

Immunised Guinea-Pig, Left Testis (Locally immuniced). — The testis was 
much scarred, with large areas of l.vmphoc 3 -tic infiltration (from the immunizing 
procedure). The b^^lphatics in this region were packed with lymphocytes (local 
production of b’mphocytcs) . Throughout the region of b’mphoci’tes were accumu- 
lations of polymorphonuclears, virtually small abscesses in the midst of the regions 
of lymphocytic infiltration; in them, tubercle bacilli were numerous. Most of the 
bacilli were in polymorphonuclears, but some were in large mononuclears. The 
mononuclears now made up about 25 per cent of the cellular infiltration. The poly- 
morphonuclear leukocytes were disintegrating, and there was a good deal of phago- 
cytosis of debris, tubercle bacilli and polymorphonuclears by the large mononu- 
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hmminiccd Guinea-Pig, Right Testis. — Tubular degeneration was conspicuous 
and intertubular infiltration greatly increased. From 50 to 75 per cent of the 
reacting cells were polymorphonuclear leukocytes and eosinophils; 25 per cent or 
more were mononuclears. The bacilli were, now found especiallj’^ in the large 
mononuclears. 

Summary. — The chief change that had occurred was the infiltration by large 
mononuclear leukocytes of the foci of polymorphonuclear leukocyte concentration. 
The mononuclears were actively phagoc 3 'tosing the polymorphonuclears with their 
bacillary content. The mononuclear reaction was of approximately equal propor- 
tionate intensity in all groups of animals. It was no more conspicuous in the 
locally immunized testis than in the others. The intensity of total reaction in the 
several groups varied in the same manner as at previous hours. 

AT SEVENTY-TWO HOURS 

Normal Guinea-Pig, Left Testis. — Tubular damage was apparent, although still 
very slight as compared with that in a tuberculin reaction. The regions of cellular 
infiltration had distinctly decreased in size; they were now scattered and compact 
and the cells present were chiefly mononuclears, and there was much phagocj’tosis 
of bacilli by mononuclears ; phagoc 3 dosis was now practical^" confined to this t 3 'pe 
of cell. 

Tuberculous Guinea-Pig, Left Testis. — The picture was that of a t 3 "pical 
advanced tuberculin reaction. There w-as extreme degeneration of the tubules. 
Interstitial infiltration by cells of inflammation was extensive; these were now in 
a large majority mononuclears. Much fibrin was still present. Pob'morphonu- 
clears were few; they were seen occasionally phagocytosed by mononuclears. 
Afitotic figures in the exudate cells were occasiona]l 3 ’' seen. Bacilli were hard to 
find, but when present were seen in large mononuclear cells. 

Immunised Guinea-Pig, Left Testis f Locally Immunised). — The typical picture 
of immunization scarring was present. Polymorphonuclear abscesses had practi- 
cally disappeared. Remains of such abscesses could be distinguished, heavily infil- 
trated with large mononuclears. Pol 3 'niorphonucl ears were few. Tubercle bacilli 
were in the mononuclears, and the bacilli were smaller and more faintb^ staining. 

Immunised Guinea-Pig, Right Testis. — The picture was that of a tuberculin 
reaction. There was marked degeneration of tubules, with intense interstitial infil- 
tration ; the cells of the latter, however, were almost exclusivel 3 ' mononuclears. 
The infiltration, while diffuse throughout the testis, was much more compact than 
before ; where formerly it had been a collection of cells, now it began to resemble 
a tissue. Pol 3 TOorphonuclears were very few. Bacilli were found in the mononu- 
clears. Phagocytosis of polymorphonuclears containing bacilli by mononuclears 
could be seen. These bacilli were small, thin and pale staining. 

Summary. — Throughout the series, the polymorphonuclear leukocytic response, 
which was so prominent at periods up to twenty-four hours, had practically dis- 
appeared. In all cases, large mononuclear exudate cells had invaded the leukocytic 
accumulations, phagocytosing the polymorphonuclears and taking over their content 
of bacilli. This change had brought about a general reduction in the size of the 
reacting zones. This was accompanied by a developing compactness, which gave 
to the zones of inflammatory reaction the character of a tissue, rather than of a 
collection of exuded cells. Degeneration of tubular epithelium was apparent in 
all cases, most intense in the tuberculous animal, least intense in the normal and 
of medium intensity in the animal immunized by previous injection of dead bacilli 
(fig. 1, C and D; fig. 2, C and D). 
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Figures 1 and 2 illustrate the difference in reaction in the four groups at six 
and seventy-two hours. In figure 1, the reactions in the normal and tuberculous 
animals at six and seventy-two hours are compared. In figure 2, the same com- 
parison is made for tlie locally immunized testis and the opposite testis of the same 
animal. 

COMMENT 

A distinct positive correlation is apparent between the intensit}* of 
inflamniator}- reaction in these experiments and tlie presumable degree 
of immunity of the animals. Present-day researches indicate that guinea- 
pigs immunized with dead tubercle bacilli resist invasion of live bacilli 
better than normal animals, while animals with mild actual tuberculosis 
resist new infection still more strongly than animals immunized with 
dead bacilli. The range of immunit}' to fresh tuberculous infection is 
thus as follows : least in nonnal guinea-pigs ; intermediate in guinea-pigs ’ 
immunized with dead bacilli; greatest in guinea-pigs with mild active 
tubercvdosis. In the experiments here recorded, the intensity of inflam- 
mator}' reaction to freshl)- introduced tubercle bacilli varied in the same 
order; that is, it was least in nonnal animals, of intermediate grade in 
guinea-pigs immunized with dead bacilli and greatest in those with 
already present tuberculosis. 

The correlation is so striking as to appear more than a coincidence, 
and it would he easy to assume that the more resistant state of the 
immunized and tuberculous animals was directly due to the intensity of 
cellular reaction brought to bear on the freshly introduced bacilli. Cer- 
tainly this reaction brought about a localization of bacilli in small discrete 
foci in all animals studied. Nevertheless, as studies by A’orwald (in 
press) indicate, intensity of inflammatory reaction in tuberculosis cannot 
always be correlated directly with resistance. In a series of animals of 
greatly varying native immunity', such a correlation did not exist. There- 
fore, the results here recorded are published simply to furnish a quanti- 
tative comparison of the early inflammatory reaction at successive time 
periods in the four states of reactive capacity studied. Certain other 
factors are still to be evaluated before the exact relation of this variation 
in reaction intensity to actual immunity is known. 

SUMMARY 

A'irulent tubercle bacilli (Sai'anac Lake strain Hj-). in a dosage of 
0.1 mg. per kilogram of animal weight, were injected into the testes of 
normal and tuberculous guinea-pigs and guinea-pigs previously treated 
by repeated intratesticular inoculation of a suspension of dead" tubercle 
bacilli. The last named group of animals served a double purpose, in 
that inoculation of live bacilli into the testis into which dead bacilli had 
been previously injected elicited a response in a tissue that mio-ht b« 
considered locally immunized, while injection in the opposite nontreated 
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testis elicited a I'esponse presumably characteristic of a general immun- 
ized state of the animal. The testis was chosen because the reactions 
of h3^persensitiveness in this organ in the guinea-pig are intense. 

The cellular reactions in these four states of testis tissue (normal 
testis of the noi'inal animal, normal-appearing testis of the tuberculous 
animal, scarred testis of the locally immunized animal and the normal- 
appearing opposite testis of the same animal) were examined one, three, 
six, ten, sixteen, twent3''-four, fort3^-eight and sevent3’’-two hours after 
the inoculation of live virulent bacilli. In all cases, the most actively 
reacting cell at the early hours was the pol3unorphonuclear leukocyte. 
Phagocytosis of bacilli b3'’ these cells was practicall3’^ complete in three 
hours. The most intense exudation of these cells at the early periods 
occuiTed in the testes of the tuberculous animals. In this group, a great 
deal of fibrin appeared in the exudate, and at the same time a rapid 
degeneration of the seminiferous tubules occurred. (This combination 
of changes is characteristic "of the tuberculin reaction in the testis, and 
is due, as previous studies have shown, to the protein of the tubercle 
bacillus.) The next most intense exudation of polymorphonuclear leu- 
kocytes occurred in the guinea-pigs treated with repeated injections of 
dead tubercle bacilli. The reaction was of approximately equal intensity 
in the locally immunized testis and the opposite testis modified in reactive 
capacit3'- onl3^ by the general immunization conferred b3^ the local immun- 
izing procedure. Special attention is called to the condition of the 
locally immunized testis. Although this testis was full of mononuclear 
cells of inflammation as a result of its repeated inoculation with dead 
bacilli, the early reaction to freshl3’’ introduced live bacilli was a poly- 
morphonuclear one, just as in all other animals. The least intense exu- 
dative reaction occurred in the testes of the normal animals. 

Between twenty-four and fort3'^-eight hours after the inoculation with 
live bacilli, a gradual replacement of the pol3miorphonuclear ]eukoc3'^tes 
133 '’ large mononuclear exudate cells occurred in all animals. Extensive 
phagoc3^tosis of polymorphonuclear leukocytes by large mononuclears 
took place. In this wa3^, a transference of tubercle bacilli from the 
c3^toplasm of the polymorphonuclears to that of the large mononuclears 
was accomplished. This role of the large mononuclear leukoc3’'tes did 
not appear earlier in the locally immunized testes than in the other testes 
of the series. At sevent3'^-two hours, the familiar picture of scattered 
early mononuclear cell tubercles was present, each of these tubercles 
representing, it should be noted, a previous site of focalization of pol3^- 
morphonuclear leukoc3’tes and bacilli. Maturation of these large mono- 
nuclears to the typical epithelioid appearance had not yet taken place. 
(Other studies have shown that, on a large scale, this takes place in about 
two weeks.) 
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CONCLUSIONS 

It may be concluded from these experiments that prompt localization 
of tubercle bacilli is brought about by exudation of polymorphonuclear 
leukocytes and phagocytosis of the bacilli by these cells. Although the 
bacilli are at first widely spread and the initial polymorphonuclear reac- 
tion is correspondingly diffuse, aggregation of the leukoc3des, containing 
all the bacilli injected, into distinct and separate foci, soon occurs. The 
site of future true tubercle formation is thus determined, for the poly- 
morphonuclears are soon replaced by large mononuclears, which, as 
shown by the experience of many other investigators, later dei'^elop into 
epithelioid cells with more abundant c3doplasm. The fact that replace- 
ment of the pol3miorphonuclear mass b3'^ large mononuclears did not 
occur appreciabl3'^ earlier in the localty immunized testis, already full of 
mononuclear cells, than in the other testes of the series suggests that in 
these experiments, at least, the large mononuclear cells concerned in the 
reaction came directly from the blood stream and were not derived 
localty. An already present tuberculosis in the animal greatly accelerates 
the reacting capacity of the pol3anorphonuclear leukocytes. This may 
be looked on as simply one feature of a t3'-pical tuberculin reaction. Pre- 
vious inoculation with dead bacilli brings about a similar allergic state, 
although the acceleration and increased intensity of inflammatory reac- 
tion over that seen in the normal animal are not nearly so great as in 
the truly tuberculous animal. 
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PELLAGRA 

JiTIOLOGY (modern THEORIES) AND PATHOLOGIC ANATOMY* 
HARVEY S. THATCHER, M.D. 

LITTLE ROCK, ARK. 

Pellagra has been related to warm climates since its discovery in 
Spain b}'- Casal ^ in 1735. The description of the disease in France 
during the first part of the last century by Hameau “ places it in the 
southwestern part of that country. The prevalence of pellagra in Italy 
early in the history of the disease, reported in the important mono- 
graphs of Frapolli,^ Zanetti,"* Strambio,® Gherardini ® and others, asso- 
ciated the disease with climatic conditions. The invasion of the United 
States by pellagra during the past two decades has been confined, as is 
generall}'- known, mainly to the southern states. 

Alaize was observed to be the principal article in the food of 
pellagrins in the lower latitudes. The maize theory of the etiolog}^ 
of pellagra was advanced for many years, from which was evolved the 
deficiency theory. The relation of sunlight to the disease brought forth 
the photodynamic theory. The investigations of micro-organisms as a 
cause of other infections naturall}'- introduced the parasitic theory. 
Research has been directed mainly from these hypotheses during the last 
twenty years. 

THE DEFICIENCY THEORY 

The importance of maize in the diet gave rise to the zeists, whose 
ideas flourished for many decades. During the last century, the maize 
theory was advanced by such prominent workers as Marzari,'^ Balardini,® 

* Submitted for publication, March 28, 1931. 

* From the Department of Pathology, University of Arkansas, School of 
Medicine. 
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Morelli ® and RousseId° This theory was regarded as defective when it 
became known that j^ellagra exists in countries in which Indian corn is 
not consumed. The extensive investigations of the Illinois commis- 
sion struck another blow to zeism, because it could not relate maize 
as an etiologic factor. 

During the present century extensive search has been made to 
discover the exact factor that is missing in the diet. Outbreaks of the 
disease have occurred in which faulty diets were proved. Studies were 
made of the diets of pellagrins among Armenian refugees and Turkish 
and German pidsoners at the time of the World War, but the exact 
deficiency remained somewhat uncertain. Enright, after a critical 
analysis of the diets of German prisoners, did not believe that a food 
deficiency was related to this disease. MacNeaH®^ noted that no out- 
breaks had occurred in France, England, Germany or Austria during 
the war. I saw hundreds of impoverished French refugees with no 
signs of pellagra. At that time dietary studies on protein food values 
were considered, and a theory developed that pellagra was caused by 
a deficiency of protein in the diet. Goldberger,^® Voegtlin,^^ Gold- 
berger. Waring and Willets and Wheeler gave additional proofs of 
the prevention or of the cure of the disease. Jobling and Peterson in 
their extensive studies on the epidemic in Nashville noted two factors 
that were contradictory: A certain number of cases occurred when the 
diet was wholesome; at least half of the cases developed where there 
was a monotonous diet low in protein and high in carbohydrates. 
Although the protein deficiency theory was advanced, it was not estab- 
lished. 

The late pellagrologist, Joseph Goldberger,-^ emphasized with con- 
siderable force his view that a faulty supply of protein (amino-acid) 

9. Morelli: La pellagra, Firenze, 1855; cited by Harris. 

10. Roussel : La pellagra, Paris, 1845, 

11. Report of the Pellagra Commission of the State of Illinois, Springfield, 
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1912. 
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13. J. Roy. Army M. Corps 33:426 and 50S, 1919; 34:70, 173 and 272, 1920. 

14. Enright, J. I.: Lancet 1:998, 1920. 

15. MacNeal, W. J. : South. M. J. 15:899, 1922. 

16. Goldberger, J. : Pub. Health Rep. 29:2354, 1914. 

17. Voegtlin, C. : Pub. Health Rep. 35:1435, 1920. 

18. Goldberger, J.; Waring, C. H., and Willets, D. G. : Pub Health Ren 

29:2821,1914. ' 

19. Wheeler, G. A.: Pub. Health Rep. 39:2197, 1924. 

1917^ J- Peterson, W.: J. Infect. Dis; 18:501, 1916; 21:109, 

21. Goldberger, J. : J. A. M. A. 66:471, 1916; 78:1676, 1922 ; 80:1866 1923 
Goldberger, J., and others : Pub. Health Rep. 41:297, 1926. 
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is the primaiy cause of pellagra. Prior to Golclberger’s extensive publi- 
cations the Illinois commission noted that pellagra had decreased in 
certain hospitals with an increase in the consumption of meat. Gold- 
berger’s work was conscientiously planned and performed, but his con- 
clusions might be questioned. The dermatitis that he produced in six 
convicts on a diet deficient in protein has been questioned. Lesions of 
the skin appeared first on the scrotum in six convicts and on the backs 
of the hands in two. This dermatitis has not been accepted as diagnostic 
of pellagra by all of the critics. MacNeal and Hindhede were 
probably correct when they considered Goldberger’s conclusions some- 
what uncertain. The most important criticism that can be offered to 
this experiment on the prison farm, one which was mentioned by 
Jobling and Peterson,-® is that it was not accomplished in a nonpel- 
lagrous community, even if it Avere demonstrated that the convicts 
develop unquestionable pellagrous symptoms. The experimental lesions 
produced in monkeys by Chick and Hume on a diet low in protein 
could not be called pellagrous without question. 

Funk--^ adA^anced the idea that pellagra might be caused by lack 
of a vitamin. Vedder-® believed that there Avas resemblance betAA^een 
pellagra, scurvy and beriberi and compared the changes in the nei'Amus 
system to those in beriberi. Since the discoA^ery that Autamin B com- 
iMex is composed of tAvo factors, deficiency of AUtamin G has been 
considered to be the cause of pellagra. There Avas lack of Afitamin G 
in the diet of pellagrins Avhom I obserA'ed in an outbreak after the 
inundation in Arkansas in 1927, Irby,*® who studied the diets of pel- 
lagrins in Arkansas after the drought, found a deficienc}^ of vitamin G. 
Goldberger reported the presence of Aotamin G in A'^arious foods 
especially in yeast and in lean meat. Aykroyd and Roscoe found that 
dried ox liA^er, yeast and fresh AAdiole milk Avere excellent sources of 
vitamin B2. Since meat, milk and especially yeast Avere important 
articles reqvAired for prcA'^ention or cure, it AA^as natural to relate A’itamin 
G as the necessary pellagra-preventing factor. Vitamin G caused 
pellagra-like S3nnptoms in the albino rat to disappear, and this Autamin 

22. Hindhede, At.: J. A. M. A. 80:1685, 1923. 

23. Chick, H., and Hume, At. : Biochem. J. 1^: 135, 1920. 

24. Funk, C.: J. Physiol. 47:389, 1913. Eddy, W. H. : AHtamin Atanual, 
Baltimore, Williams & Wilkins Compaiw, 1921. 

25. Vedder, E. B.; Arch. Int. Ated. 18:137, 1916. 

26. The letter “G” has been adopted by the Committee on Nomenclature 
appointed by the American Society of Biological Chemists to indicate the stable 
factor associated with the vitamin B complex. The British biochemists haA'e 
provisionally adopted the term “B2.” 

27. Thatcher, H. S.: J. Arkansas M. Soc. 24:193, 1928. 

28. Irby, Patricia: Personal communication to the author, 1930. 

29. Goldberger, J. : Pub. Health Rep. 42:2193, 1927. 

30. Aykroyd, W. R., and Roscoe, AI. H, : Biochem. J. 23:483, 1929. 
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was then designated as the antipellagric vitamin. Goldberger now 
changed his opinion to comply with the vitamin G deficienc)'' theoiy. 

Experimental production of pellagra-like symptoms in the albino 
rat has been reported by Goldberger and Lillie,®^ Chick and Roscoe,®- 
Hunt,®® Salmon, Hays and Guerrant/^ Sherman and Sandels,®“ Find- 
lay,®® and Thatcher, Sure and Walker.®' The last mentioned workers 
completed a critical study with histologic examinations, but could not 
relate the disease absolutely to human pellagra, although symmetry of 
the lesions and seasonal variation were observed. Recently it was sug- 
gested by Sure,®® Salmon ®® and Hunt and Wilder that vitamin G 
consists of two factors. Sure and Smith concluded that the growth- 
producing factors associated with the antipellagric vitamin are not 
identical. Further work should give us more evidence about this 
so-called antipellagric vitamin. 

The experimental “black tongue” syndrome of dogs was related 
to pellagra and lack of protein in the diet by Underhill and Mendel. 
Goldberger and Wheeler later prevented and cured “black tongue” 
by autoclaved yeast. Denton ^® stated that the distinctive lesions of 
pellagra and those of “black tongue” of dogs appeared to have their 
origin in a failure on the part of the organism to maintain the special- 
ized supporting tissues of epithelium in various situations. 

Recently it was suggested that elements other than vitamins may 
have some significance. Leader claimed that in the absence of cane 
sugar in the diet, pellagra did not occur in experimental rats with a diet 
deficient in vitamin “B complex.” She noted the seasonal variation 
that was observed by Thatcher, Sure and Walker on another diet. 
Bliss suggested that pellagra was a nondeficiency disease. He stated 
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37. Thatcher, H. S.; Sure, B., and Walker, D. J,: South. M. J. 23:143 1930- 
Arch. Path. 11:425, 1931. 

38. Sure, B.: Personal communication to the author, 1931. 

39. Salmon, W. D.: J. Chem. Educ. 7:2336, 1930. 

40. Hunt, C. H., and Wilder, W.: J. Biol. Chem. 90:279, 1931. 

41. Sure, B., and Smith, M. E. : Proc. Soc. Exper. Biol. & Med 28*442 1931 
42 Goldberger, J.; Wheeler, G. A.; Lillie, R. D., and Rogers,’ L.'m.:’ Pub’ 

Health Rep. 43:138 d, 1928. 

43. Denton, J.: Am. J. Path. 4:341, 1928. 

44. Leader, V. R.: Biochem. J. 24:1172, 1930. 

45. Thatcher, Sure and Walker (footnote 37,’ second reference) 

46. Bhss, S. : Science 72:577, 1930. 



974 


ARCHIVES OF PATHOLOGY 


that iron was present in foods containing much vitamin G, while the 
usual diet of the poor farmers in the South lacked iron. He further 
observed that dogs fed the Chittenden-Underhill diet were restored 
to normal by the intravenous injection of iron. Sure, Kik and Smith, 
however, found anemia in rats suflFering from vitamin G deficiency 
accompanied by lesions of the skin comparable to those found in human 
pellagra, when the diet contained plenty of ferric citrate. More evi- 
dence must be produced before the views of Leader and Bliss can 
be accepted. 

From the analysis of the most important research relating to this 
theory, it is not clear that a deficient diet is the primary cause of 
pellagra, although there is a dietary relationship. 

THE PHOTODYNAMIC THEORY 

Fagopyrism has been regarded as of considerable importance because 
the dermatitis of pellagra is initiated and accentuated by sunlight. 
Maize was used as a source for the photodynamic substances by Haus- 
mann,^® Lode,^® Horbaczewski,®® Umnus and Raubitschek.®- Lesions 
were produced in animals inoculated with these substances when they 
were exposed to the sun’s rays. Jobling and Arnold did not consider 
it necessary to use maize as the source of the photodynamic substances 
because evidence had accumulated against the maize theory. They 
isolated organisms from the stools of pellagrins producing fluorescent 
substances. Extracts of these organisms were inoculated into a series 
of mice. When these mice were exposed to light, edema and reddening 
of the ears occurred, with swelling and edema of the e3'elids ; also 
gangrene of the ears developed, if inoculation and exposure were con- 
tinued daily. A fungus having photod3mamic properties was found in 
the stools of the pellagrins, which belonged to the Aspergilliis glauciis- 
repens group. 

Scott, Turner and Mayerson found no difiFerence between normal 
and pellagrous serum (acute cases) to warrant the conclusion that the3'^ 
were not spectroscopicall3'’ identical. Comparison between normal 
serum containing traces of hematoporphyrin and pellagrous serum 
revealed no ti'ace of it in the circulating blood of pellagrins. However, 

47. Sure, B. ; Kik, M. C., and Smith, M. E. : Proc. Soc. Exper. Biol. & Med. 
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Meyer-Betz” sensitized himself to hematoporphyrin and got edema 
and erythema of the face, neck and hand when exposed to the sunlight. 
He remained hypersensitive for six weeks, although a test for hemato- 
porphyrin showed none present after seventy-two hours. The negative 
results of Scott, Turner and Mayerson concerning hematoporphyrin 
ma}'^ have no significance. 

Cluver combined the deficiency and the photodynamic theories 
when he found the diets of two groups of prisoners deficient in the 
pellagra-preventing factor. In those who were exposed to sunlight 
pellagra developed, while in those who were in the shade no symptoms 
appeared. Jobling and Arnold®^ produced evidence that the photo- 
d3mamic theory and the parasitic theory could go hand in hand. 

Sellards,®' who studied photodynamic properties of sunlight in the 
tropics, believed that more investigations were necessary to correlate 
these properties with disease. He considered that photodynamic action 
is associated closely with fluorescence, but that they are not invariably 
associated. 

At present it is evident that photodynamics in relation to pellagra 
is comparatively ill understood. 

THE PARASITIC THEORY 

The parasitic theory was given impetus by Sambon ®® after careful 
epidemiologic studies. Prior to that time organisms had been isolated 
from maize, but they were not satisfactorily correlated with pellagra. 
Sambon ®® noticed that pellagra did not attack indiscriminately all those 
who lived on maize ; it had marked seasonal incidence ; it was not 
transmitted by lactation, and conjugal pellagra had been reported. He 
suggested as a working hypothesis that pellagra was analogous to some 
of the protozoan diseases. Later Sambon found that men in the Venice 
arsenal did not have the malady, while the fishermen on other islands 
were pellagrous. He associated this observation with a biting fly and 
chose Simulmm as a working hypothesis. Sambon’s suggestions were 
not substantiated by the Illinois commission and others. The 
important epidemiologic studies of Jobling and Peterson correlated 
the disease with unscreened houses and with access of flies to human 
excreta and to human habitations. A decrease of pellagra was found 
with an improvement in the diet. 

Numerous insects were investigated b}'^ Jennings and King,®® but 
no positive results were obtained. The stable fly (Stomo.vys calcitrans) 
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was considered by them as the possible transmitter, but the Thompson- 
McFadden commission was unsuccessful in finding the disease in 
monkeys bitten by these flies previously exposed to pellagrins. The 
streptobacillus of Tizzoni and de Angelis found on maize and in the 
blood, organs and cerebrospinal fluid of pellagrous persons was not 
found b)’' the Illinois commission, Harris and others, Salmon, 
Hays and Guerrant^^ isolated an organism from the cutaneous lesions, 
parench3anatous organs, intestinal submucosa and the cavities of the 
involved joints of their experimental animals. They fed the organism 
to rats and produced lesions from which the characteristic coccus was 
recovered. Susman claimed to have found an anaerobe in the blood 
of a pellagrin. The fungus found in the stools of pellagrins by Jobling 
and Arnold has been mentioned. All of this work should be repeated 
with more extensive observations, so that secondary invaders may be 
completely eliminated. 

Feeding of pellagrous tissues and fluids to monkeys and inoculation 
of these animals with this material Avere unsuccessful in producing the 
disease, according to the Illinois commission “ and Francis.®^ An 
important contribution was made by Harris which has never been 
corroborated. Tissues from various parts of the bodies of pellagrins 
were mixed Avith equal amounts of normal salt solution. The coarsely 
filtered juice was passed through a Berkefeld filter and injected sub- 
cutaneously, intravenously and intracranially in large quantities into 
monkeys (Macacus rhesus). The three animals inoculated dcA^eloped 
all of the principal clinical signs and symptoms and pathologic erddences 
found in pellagra. He concluded that the cause of the disease Avas a 
filtrable virus or a micro-organism that passed through a Berkefeld 
filter. Francis,®"* Avho experimented Avith ninety monkeys {M. rhesus), 
three baboons and one Java monkey, could not obtain similar results. 
Nevertheless, Harris produced the eicperimental pellagra that can be 
least questioned. 

It has been noted that pellagra is associated Avith other diseases. 
The older Avriters found that tuberculosis was often present. Yang and 
Hu®® and Turner ®" reported the occurrence of intestinal disease in 
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certain pellagrins. Turner mentioned that a change in the intestinal 
flora might be an important factor in the etiology. The Illinois com- 
mission found that the normal bacterial flora of the intestinal tract 
is disturbed in pellagrins, and that new forms appear, but no essential 
causal relationship of the organisms to the disease was demonstrated. 
The fungus found by Jobling and Arnold to have photodynamic 
properties may have some significance. 

The recent work of Matsumura, Kakinuma, Kawashima and others 
in which they produced evidence that beriberi may be an infectious dis- 
ease, gives further importance to the possibility that an organism is the 
causative factor in pellagra. 


PATHOLOGIC ANATOMY 

Since the etiology of pellagra has not been definitely determined, 
it is difficult to separate the exact pathologic changes due to pellagra. 
Emaciation has been reported often, but in the acute cases this is not 
alwa3^s present. Fragility of the bones was observed by many of the 
early writers. Marie reported fragility of the ribs in eighteen of 
forty-two cases. The work of Roberts with use of the x-ray plate 
is to be commended, as he found rarefaction of the spongiosa and of 
the cortical layers in the bones of the hands, thus correlating the 
pathologic observations of the early pellagrologists. Atrophy of the 
muscles was found by Babes and Sion,'^ Marie and Kozowsky.'*'^ 

Integument . — The cutaneous lesions are present mainly on the 
surfaces exposed to sunlight, as those of the forearms, dorsa of the 
hands and feet and the back of the neck. Less commonly the lesions 
are present on the chest, face, perineum and scrotum. The symmetry 
of these lesions is important. Merk,'^® who described the gross changes, 
carefully noted the stages of erythema and of desquamation, but did 
not study the histology. The pathologic lesions were studied by Ray- 
mond,'^ Guard,'® Ormsby and Singer,"® Fiocco," " Kozowsky and 
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Babes and Sion with varying results, principal!}^ because the stages 
of the disease are not given the importance deserved. Guard cor- 
related the changes in the skin with those normally produced by the 
action of sunlight, except that they are more marked. He differentiated 
the stages in his studies. Babes and Sion found pigmentation, hyper- 
keratosis, hyperemia, edema and erythema, which evidently indicate 
stages. The pathologic changes in the skin were elucidated by 
MacNeal,"® who stated that they are dependent on the stage of the 
disease. The early stage is represented by vascular injection and edema 
of the corium with a diffuse infiltration of wandering cells. Later edema 
and hyperplasia of the rete with regions of parakeratosis appear. 
Hyperkeratosis and hyperpigmentation are present as the malady 
advances. MacNeal noted that the relationship of these processes 
varies according to the rapidity of the evolution and the severity of 
the eruption. Denton summarized the cutaneous lesions as occurring 
in the following stages: injury, or fibrolytic stage; reaction, or derma- 
titis stage ; repair ; compensatory vascular ectasis, or erythematous stage, 
and the cicatricial, or atropliic, stage. This summary also makes clear 
the earlier reports. The fact that the various stages may be present in 
the same person at the same time has not been emphasized as much 
as it should be. 

The Nei-vous System . — As varying degrees of pathologic changes 
had been found in the nervous system, MacNeal believed that these 
lesions should be studied in relation to the stage of the disease. The 
pathologic reports by Babes and Sion,’’^ Marie, the Illinois commis- 
sion,’-^ Kozowsky,'^^ Sandwith,®° Sundwall,®’ Castellani and Chalmers,®" 
Harris,®® Winkelman ®® and Pentschew did not adequately emphasize 
the stage and its relationship to the pathologic changes. Marie noted 
atrophy of the brain in cases of long standing mental derangement. 
Singer and Pollock ®® did not find that the gross morbid anatomy was- 
characteristic, although they found edema and thickening of the men- 
inges. However, they differentiated between acute changes, consisting 
in chromatolysis of nerve cells, satellitosis, astrocytosis and the presence 
of ameboid glial cells, and chronic changes, such as fatty and fibrinoid 
degenerations, regressive changes of the nerve cells, chronic Nissl 
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changes of the nerve cells, increase of glial fibers, permanent destruction 
of nerve fibers and a marked increase of amyloid bodies. Central 
neuritis was present during or soon after an acute attack. Mott found 
degenerated fibers of nerves ; these were found generally diffused and 
scattered throughout the white matter of the cord, but were most marked 
in the posterolateral and the posteriomedian columns. The cells of all 
of the posterior spinal ganglions showed, in varying degrees, marked 
chromatolysis, swelling, and disappearance of Nissl granules except 
at the periphery. Wherever the nervous system was examined, the 
cells that normally had a Nissl pattern seemed to show a change in the 
nature of a disappearance of the granules. Fibril changes occurred in 
the cells of the anterior horns and the cells of Purkinje, and also in 
Betz’ cells, but to a less degree. Castellani and Chalmers wrote that 
degeneration occurred in the cells of the spinal ganglions, in those of 
the posterior cornu and in those of Clarke’s column, with Nissl bodies 
and fibrils disappearing in the posterior roots, in Lissauer’s tract, in 
Burdock’s column, in Coil’s column and less commonly in the lateral 
columns. Harris,®" who reviewed the literature extensively, stated that 
in the medullar and cerebral cortex areas of sclerotic changes were 
present, resembling those in the cord. The pyramidal cells suffered 
most. The changes in the spinal and sympathetic ganglions were similar 
to those found in the central nervous system, although usually not so 
marked. The early arteriosclerotic changes in the brain reported by 
Denton were of importance, as he found them in patients under 25 
years of age. He concluded that the changes in the central nervous 
system were not in direct proportion to the acuteness and severity of 
the disease, but that they were more pronounced in chronic pellagrins. 
His statements probably represent the truth, for many of his observa- 
tions were similar to those of other pathologists, but his material was 
somewhat limited. 

The GaHro-Intestinal Tract. — Harris®" reported that the red and 
inflamed tongue often became ulcerated. Hypertrophy of the super- 
ficial lingual tissues occurred if the attacks were repeated. This hyper- 
trophy was followed by shrinkage. Similar changes were present in 
the gums, lips and buccal mucous membrane. Denton found that in 
the pharynx, tongue and esophagus the repair of the membrana propria 
was imperfect, and that the epithelium regenerated in a thin layer. He 
found that this reaction was essentially correlated with that in the 
skin. MacNeal emphasized that hyperemia of the intestines might 
alternate with a normal condition of the bowel. I later observed this 
change. MacNeal ‘® noted that in the earlier lesions there were vascular 
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engorgement, hyperplasia of the lyiniDhoid tissue, and edema and infil- 
tration of the mucosa with wandering cells. In the later lesions collec- 
tions of wandering cells extended from the epithelial surface into the 
submucosa and along the sheaths of blood vessels into the muscular 
coats. The inflammation of the large intestine reported by Lynch 
was practically limited to the colon. Microscopically, the mucosa was 
hyperemic; the surface epithelium was degenerated and desquamated; 
there was an increased number of interglandular mononuclears and con- 
nective tissue cells, and there was marked degeneration of the epithelium 
of the glands with cystic dilation. The mouth and the neck of the gland 
underwent hyaline changes with occlusion by degenerated and cast-off 
epithelium, which he believed to be the beginning of the process leading 
to active inflammation of the mucosa, submucosa and other coats to 
thrombosis of mucosal and submucosal veins and lymphatics and to 
necrosis with ulceration. In chronic cases Lynch found sclerosis of 
the small blood vessels out of proportion to the arteriosclerosis else- 
where. Denton described changes such as cellular infiltrations, vary- 
ing grades of acute inflammation, dilated blood vessels and changes in 
the sizes and shapes of surface epithelial cells, yet he did not consider 
them absolutel)^ specific. Lynch believed that the changes that he 
described in the colon were characteristic of pellagra. 

Liver . — Babes and Sion,^^ de Giovanni,®® Sundwall,®^ Crutchfield,®® 
Kozowsky,"® Denton '® and the Illinois commission “ reported fatty 
changes in the liver. A small liver was noted by Marie and Harris.®® 
DeGiovanni ®® stated that it remained permanently smaller after an 
attack. The Illinois commission found inflammation of a low grade 
in the portal connective tissue in the interlobular septums, engorgement 
of the intralobular capillaries and fatty degeneration around the lobule 
in every case. This commission concluded that some of the specimens 
suggested an early stage of acute yellow atrophy or the more acute 
forms of alcoholic cirrhosis. Focal necrosis was noted by Denton.'^® 
From these reports there is indication of a toxic effect, although ade- 
quate proof of this is lacking. 

Pancreas . — The reports of changes in the pancreas are few, and the 
changes are not characteristic. Raubitschek,®® rvho carefull)^ reviewed 
the literature, found no characteristic changes. 

Circulatory System . — Atrophy of the heart was found by Marie ®® 
and by Babes and Sion.’^^ Babes and Sion found atheromatous 
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plaques in the aorta, and the Illinois commission reported hyaline 
changes in the intima of the blood vessels. Kozowsk}^,"- in his reports 
of arteriosclerosis, eliminated all cases in persons past middle life. 
When he found hyalinization and thickening of the walls of the blood 
vessels, changes that were especially noticeable in the walls of the 
smaller vessels, his careful observations could be correlated with those 
in old age. The work of Kozowsky is important. The arteriosclerosis 
reported by Harris might have some significance. 

Respiratory System. — ^The pathologic changes reported, such as 
pneumonia, emphysema, edema, pleurisy, etc., do not appear to have any 
relationship to pellagra. Marie noted the pulmonary tuberculosis of 
which frequent mention had been made by the older writers. 

Lymphatic System. — Marie,®** Tuczek,®^ Babes and Sion and Sund- 
wall found atrophy of the spleen. Kozowsky reported the charac- 
teristic sclerotic vessels, which were more pronounced in the spleen than 
in the lymph nodes. Babes and Sion noted tabes mesenterica associ- 
ated with pellagra, especially in childi'en. 

Genito-Urinary System. — Atrophy of the kidneys was noted by 
Babes and Sion and Marie.®** Kozowsky related destruction of 
tubules and thickening of Bowman’s capsule and of interstitial tissues 
to arteriosclerosis. No noteworthy gross or microscopic pathologic 
changes in the genitalia could be related to pellagra. 

Endocrine Glands . — The reports of changes in the suprarenal glands, 
hypophysis and thyroid gland are few, and the changes could scarcely 
be correlated with pellagra. Susman®^ found that in the suprarenals 
in five cases the cortical lipoid was scant or absent, but that a secondary 
infection would have to be eliminated. Morse reported lesions 
resembling chronic productive thyroiditis with the follicles undergoing 
a compensatory reaction. The fibrosis reported to have occurred in the 
thyroid gland should encourage further observations, as this gland has 
not been given the study by pathologists that it should have. 

Eyes . — The atrophy of the choroidal pigment found by Rampoldi 
and the early cataracts reported by Welton might be related to the 
early changes in senility. Elimination of older patients would have 
added value to the observations of Welton.”® 
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SUMMARY 

A scrutiny of the literature published during the last thirty years 
reveals the prominence of the theory that a deficient diet is the cause 
of pellagra (which is an outgrowth of the conception that the disease 
comes from the consumption of spoiled maize). The theor}^ that 
pellagra is caused by a deficient diet has advanced recently to the theory 
that a deficienc)'^ of “vitamin G” is the cause. At present evidence 
accumulates that vitamin G is composed of two factors. Whether iron 
or cane sugar is related to the etiology is a question for the future. 
The significance of photodynamic action in pellagra still has its place; 
because of the seasonal variations noted in lesions of the experimental 
animals suffering from lack of the antipellagric vitamin ; also because 
a fungus having fluorescent properties has been isolated from the stools 
of pellagrins. 

Pathologic changes similar to those in senility are found in pella- 
grins. Erythema, edema, hyperkeratosis and hyperpignientation of the 
skin, degenerative changes in the nervous system, and hyperemia, 
inflammation and repair of the upper gastro-intestinal tract and of the 
colon are the most important lesions in pellagra. 

Since the exact etiologic factor in pellagra is still questioned, diffi- 
culties arise in the interpretation of the pathologic changes due to the 
disease. 



THE ETIOLOGY OF CANCER 

I. TISSUE TRANSPLANTATION AND PARASITISM * 

H. E. -EGGERS, M.D. 

OMAHA 

In the following general and more or less critical review of the 
subject of the etiology of cancer, no claim is made for completeness. 
Even if it were desirable to include references to all that has been con- 
tributed to the subject, the publications are too numerous and too 
scattered to permit the hope of such an absolutely complete survey. I 
hope, however, and trust, that few articles of major importance have 
been omitted here. 

Owing to the unavoidable length of a summary even as condensed 
as this, it has become necessary to divide it into four parts. The first 
deals with the results of tissue transplantation in their relations to 
cancer, and with the problem of parasitism in cancer. The second will 
deal with the general subject of irritation and cancer. A third will take 
up various miscellaneous features of the etiology of cancer — ^its rela- 
tions to neurotrophic changes, to nuclear aberration and to heredity, 
and the factors of general or local character affecting the growth and 
survival of already initiated tumors. The fourth and final part will deal 
Avith metabolism in its relations to the etiology of cancer. 

It is not proposed to discuss here, except incidentally to facts as 
revealed by experimental study, the more or less classic histogenic 
theories of the origin of cancer ; while they represent brilliant feats of 
deductive reasoning, they are seldom of such character as to admit 
of experimental control, and the expanding knoAvledge of the phe- 
nomena of cancer development derived largely from experimental study 
bids fair to supplant them entirely. 

TISSUE TRANSPLANTATION 

Heterologous Transfer of Tumor Tissue. — ^To the extent that the 
earlier stages of the etiologic study of cancer Avere a matter of experi- 
mental investigation, as aside from speculations based largely on mor- 
phologic observation, this Avork Avas devoted almost' Avholly to the search 
for a possible parasitic cause. Even the earlier experiments on the 
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transferability of cancer had in the background the idea of causation 
by transfer of a parasite rather than of the cancer itself. As early as 
1840 Langenbeck reported that 60 days after the injection of human 
cancerous fluid into a dog the animal was found to have tumor nodules 
in the lung. In 1843. Klencke averred that he had confirmed Langen- 
beck’s work, without, however, publishing any details. Somewhat 
similar results were reported by Lebert in 1851, but in 1867 he and 
Wyss were unsuccessful in transferring human tumors to rabbits or to 
guinea-pigs ; in the same article they described the appearance of local 
tumors in the neck of a dog after the injection there of fluid from an 
ulcerated human esophageal cancer — lesions which, from their descrip- 
tion, were almost certainly of acute inflammator}’- character. In that 
same year Goujon alleged that he had succeeded in transferring a human 
testicular cancer to the white rat, in which the observed tumors had 
no relation to the site of inoculation, and to the guinea-pig. In 1874 
Quinquand found in a fowl into which he had injected a small quantity 
of a cancer of human liver multiple pulmonary masses, which he 
regarded as cancerous. Thiroloix in 1892 observed palpable masses 
in the abdomen of a rabbit which had been inoculated intraperitoneally 
with mammary cancer from a white mouse; Francotte and de Rechter 
the same year believed that they had produced cancer in mice by the 
repeated injection of human cancei-ous material, and in the following 
year IMayet observed in a rat the appearance of multiple visceral cancers 
a year after the injection of fluid from glycerinated and macerated 
human cancers into a number of those animals. He later (1901 and 
1905) added to this similar reports of additional results, with alleged 
success in 5 of 52 attempts, and 4 apparent successes with human 
material introduced into dogs. In 1894 Boinet reported that he had 
been successful twice in transferring human cancer to the rat, and once 
to the rabbit, in a total of 60 attempts. Jurgen in 1896 observed 
generalized melanomatosis transmissible by homotransplantation in rab- 
bits inoculated with human melanotic .tumor, and in 1898 Queyrat found 
that pigmented intraperitoneal masses were formed in macacus monkeys 
after similar inoculation. Dagonet in 1903 believed that he had suc- 
cessfully inoculated an epithelioma of the human penis into the peri- 
toneal cavity of the white rat, in whichj 17 months later, he found 
disseminated intra-abdominal lesions, which he stated to be of the same 
type as the injected tumor. Together with Mauclaire he reported in 
1904 the successful inoculation of human rectal adenocarcinoma into 
the rat, with the development of tumors, though of dissimilar type, in 
that animal which were transplantable for another generation. 

Of these earlier alleged successful transfers of cancer from one 
species to another, none can be regarded as of undoubted authenticity. 
Some of the observed lesions were possibly cancerous, but, as was 
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believed by Virchow of Langenbeck’s tumor, of spontaneous rather 
than induced origin. And some with even greater certainty were 
masses of inflammatory character, as may occasionally be inferred from 
the descriptions given by the experimenters themselves. 

In 1905 there appeared a report by Lewin of what is by far the best 
authenticated and most carefully considered of the various attempts at 
heterotransfer of a tumor. Two months after the introduction into the 
peritoneal cavity of a dog of material from an unusually malignant 
human ovarian cancer the animal showed local masses of a morphologic 
type that was not definitely neoplastic, but that differed from the usual 
granulomas in that the tissue was inoculable into other dogs. Lewin 
was unable to classify the lesion exactly, but in 1907 he reported the 
development of inoculable granulation tissue about a bit of human 
cervical cancer embedded in the white rat. 

Of more recent work, there is the report by Robertson, in 1909, of 
the appearance of malignant tumors of miscellaneous types in 7 of 30 
mice fed with exudative material from human cancer. In. 1911 Gargano 
reported a number of cases of alleged production of tumor in mice after 
inoculation with human material, the lesions, according to him, being 
originally carcinomatous, later changing to sarcoma — the inference being 
that they were granulomas. Strauch in 1913 believed he was successful 
in transferring a very malignant mouse carcinoma to 50 per cent of his 
rabbits, as well as in the transfer of a human cancer to a macacus 
monkey. But a comprehensive repetition of his work by Apolant and 
Bierbaum led them to the conclusion that the lesions observed by 
Strauch were inflammatory. In 1923 Nather reported the transfer 
of cancer from mouse to rabbit by the repeated injection of emulsions of 
tumors, and Heidenhain in 1928 stated that in mice into which autoly- 
sates of the malignant tumors of man, cattle and mice had been injected 
there was an unduly high frequency of tumor development. The tumors 
were of diverse character; as a rule there was no relationship of the 
site of the tumor to that of the injection, and the rate of incidence was 
not sufficiently high to exclude the possibility of spontaneous occurrence. 

Actually there is a much greater volume of evidence to show that 
heterotransfer of tumors does not take place, except in certain circum- 
stances that infringe rather slightly on the bounds of tissue specificity. 
Among those reporting unsuccessful attempts at the transfer of human 
cancer to various laboratory animals are Fischer in 1882, Senn and 
Senger in 1888, Klebs in 1890, Morau in 1891, Fischel, Duplay and Cazin 
in 1892, Kopfstein in 1893, Curtis in 1899, McConnell in 1908, Vidal in 
1909, Bartkiewicz and Leotta in 1910, Williams in 1911, Fischel in 1922 
Kurtzahn in 1926 and Tinozzi in 1929. The foregoing list of investi- 
gators who reported failures in the attempted heterotransplantation of 
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tumors is by no means exhaustive — ^numerous earlier efforts, not cited 
here, are given in reviews by Pilliet and by Vischer. Suffice it to say 
that the altogether predominant evidence favors the view that the suc- 
cessful transfer of malignant tumors, with certain special exceptions, 
may be accomplished only in circumstances that permit the continued 
survival and growth of the tumor cell itself, and of course in these 
circumstances the transfer of the tumor to a new host is actually that, 
and not the transfer of a causative agent of possibly parasitic character. 
Careful scrutiny of the cases recorded in the foregoing paragraphs 
which do not accord with this view will show, practically • without 
exception, that the allegedly positive results cannot be accepted with- 
out some skepticism. In many the tumor-like lesions were almost cer- 
tainly of inflammatory character; in others the growths would appear 
to have been spontaneous tumors, and the very plenitude of positive 
results reported by some experimenters are so unlike the results of most 
other investigators as to make them of doubtful authenticity. 

Among the special exceptions mentioned must be included a group 
of dog tumors that show certain peculiarities in the way of transmissi- 
bility. There have been reported a considerable number of transferable 
tumors of this animal, including some of the earliest successful efforts 
at transplantation of tumors. Smith and Washbourn reported in 1897 
the occurrence in dogs of tumors, apparently round cell sarcomas, which 
were readily propagated by implantation and which were transmissible 
by coitus. In 1902 White, with another instance of this type, 
reported that the tumors were lymphosarcomas, and again observed 
transmission b}'- coitus. In 1904 Sticker described a similar tumor with 
a high degree of transmissibility by inoculation, and in 1906 Beebe and 
Ewing reported on another that combined the features of high inocu- 
lability and venereal transmission. In that year Sticker found that his 
tumor was inoculable into foxes, although not into a miscellaneous 
series of utterly unrelated animals. That this was not a matter of 
cellular transfer was suggested by Wade in 1907, who regarded the 
disease as a general infection with localized lesions of sarcomatous type; 
while the virus was almost certainly intracellular, it was not filtrable, 
a finding that was confirmed by Beebe and Ewing. In 1909 Sticker 
observed in the breast of a bitch that had been inoculated with one of 
these sarcomas (in this case of spindle cell type) the development of a 
slowly growing, but metastasizing, adenocarcinoma; and in 1912 von 
Dungern was able to show definitely that in the transfer of these sar- 
comas to foxes cellular implantation was not concerned, b}’’ the failure 
of the induced fox tumors to produce dog antibodies after injection into 
other foxes — unlike the result that followed the injection of the original 
dog tumor tissue. 
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Homologous Transfer of Tumor Although, in general, 

experimental heterotransplantation has yielded negative results, the 
situation is of course quite different as concerns the transfer of cancer 
within the host species. Even before the successful artificial transplanta- 
tion of tumors, clinical observation had shown that such transplantation 
took place within the individual, even if the phenomena of metastasis 
were not sufficient to establish this. Natural transplantation by implan- 
tation was reported by Viixhow in 1863, Kaufmann in 18/9, Nicasse in 
1883, Kraske and Lucke in 1884, Geissler in 1893, Claude and Pilliet 
in 1895, Cabot in 1901 and Wilmanns in 1904, and by intentional sur- 
gical procedures by Hahn in 1888 and Cornil in 1892. From these, it 
could be surmised logically that transfer from one animal to another 
sufficiently akin should be possible, and although the limited number 
of attempts at this with human beings — such attempts were reported by 
Senn in 1888 and by Kurtzahn in 1926, each using himself as the sub- 
ject — ^were unsuccessful, as early as 1876 Novinsky reported the transfer 
of a cancer of the nose from one dog to another, with doubtful success 
in the second generation. A similar attempt reported by Mathis in 1885 
was not unquestionably successful, but in 1889 both Wehr and Hanau 
were able to secure successful transfers, the one with a squamous cell 
carcinoma of the dog, the other with a similar tumor of the rat, which 
he transplanted for 3 generations. In the next year von Eiselberg 
reported the transfer of a fibrosarcoma from one rat to another, and 
in 1891 Morau announced the transplantation of a mouse carcinoma, 
which by 1893 had apparently attained 17 generations. Firket in 1892 
succeeded with a rat sarcoma, and Velich in 1898 with a similar tumor, 
in this case for 9 generations. Although these earlier successes did not 
attract widespread attention, the almost simultaneous work of Loeb, 
with a sarcoma of the thyroid gland of the white rat, which he was 
able to propagate indefinitely, and of Jensen, with a carcinomatous 
tumor of the mouse, which by 1903 he had transplanted for 19 genera- 
tions, established beyond question the feasibility of homotransplantation 
of malignant tumors. But from the point of view of the etiology of 
tumors, neither these nor the numerous subsequent successful trans- 
fers have been of direct value, since the phenomena of transplantation 
are essentially those of artificial metastasis of already established tumors. 
The extent to which they have been of value in this connection has 
been to supply a constant and accessible source of tumor material and 
to afford some knowledge of the conditions permitting tumor growth. 

Strictly speaking, tumor transplantation is not entirely limited to 
animals of the same species. Occasional cases are not subject to this 
restriction ; von Dungern and Coca found a sarcoma of the hare which 
could be transplanted into rabbits without loss of its original hare 
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specificity, and Fujinami and Hatano, a fowl sarcoma that would sur- 
vive in the duck. Flexner reported the temporary growth of human 
teratomatous tissue inoculated into monkeys, and Putnoky very recently 
published an account of the transfer of the Ehrlich mouse carcinoma to 
the rat, with successful retransfer back to mice. The successful growth 
of tumor tissue in foreign embryos, as reported by Murphy, Kiyono, 
Kawakami and Sueyasu, Stevenson, Bullock and Gheorgiu, does not 
materially affect the problem, as Murphy showed that such growth 
ceased in the later periods of embryonic life, when tissue specificity 
appeared. This same lack of specificity evidently applies to the heter- 
ologous implantation of tumors into brain tissue, as reported by Murphy, 
and into the e 3 ''eball, as observed b}"^ Hegner. Instances of heterologous 
transfer after modification of the new host, as reported by Roskin for 
fowl sarcoma introduced into the mouse after reticulo-endothelial block- 
age, are presumably to be interpreted, too, as instances of survival of 
the introduced tumor cells and their descendants. Other, less definite 
means of modification of the new host have been attempted, in some 
cases with alleged success. Funk in 1915 was able to implant an inocu- 
lable chondroma of the mouse into the rat after feeding the latter with 
the tumor tissue prior to inoculation, and Nagayo and Wago in 1921 
also reported the successful heterotransplanlation, tliongh to a limited 
degree, of tumor after preliminar}'- preparation of the new host. Keysser 
in 1920 reported the appearance of a sarcoma in 1 of a number of mice 
inoculated until the emulsion of a rapidly growing human testicular 
tumor, after they had been given injections of autolysates of human 
sarcomas. And Flaszen and Wachtel I'eported that human cancer could 
be successful!}' implanted in white mice after preliminary alkalinization ; 
but in this case the photomicrographs are particularly unconvincing. 

Transplantation of Embryonic Tissues . — It may be well to include 
at this point the attempts at causation of tumors by the introduction 
of embryonic tissues, with their obvious relationship to Cohnheim’s 
hypothesis. Such implantation has been attempted by numerous 
observers, Leopold in 1881, Lwoff in 1883, Zahn in 1884, Fere in 1897, 
Traina in 1902, Fraenkel in 1903, Wilms in 1904, Petrow, Rbssle and 
von Plippel in 1906, BogoljubofT in 1908, Askanaz}' in 1907 and 1909, 
Neuhauser in 1909 and 1911, Shattock, Seligmann and Dudgeon in 
1909-1910, von Tiesenhausen in 1909, Freund and also Rous in 1911, 
Gargano in 1914, Ikematsu in 1923, Wereschinski in 1924, Skubi- 
srewski in 1925 and 1928, Ide and Loewenthal in 1928. The result 
of all of these attempts, with occasional exceptions, was the occur- 
rence of growth for a limited pei'iod, followed either by persistence 
without progression or by eventual regression. Among the exceptions 
are those of ; Petrow, who found that the growths obtained in his 
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animals showed, some slight inoculability into other animals of the same 
species; Askanazy, who observed the development in an experimental 
teratoid of a sarcoma inoculable for 1 generation only, and according 
to his later report, of teratoids which could themselves be transplanted 
for 2 or 3 generations ; Neuhauser, who after the introduction of fetal 
adrenal tissue into the kidney of an adult rabbit, observed the appear- 
ance of a tumor first regarded as a hypernephroma, later as adenomatous ; 
von Tiesenhausen and Skubisrewski, who both saw in some of their 
teratoids sarcoma-like inclusions, which were, however, without other 
evidence of progressive growth; and Wereschinsky, who believed that 
he had obtained a spindle cell saixoma in 1 case after the implantation 
of fetal guinea-pig tissue in the adult animal. Belogolowy, too, observed 
what he regarded as a sarcomatous growth of implanted amphibian 
embryonic tissue, a belief in which he was supported by Roux. But 
repetition of his experiments by Piette, Anders, Bierich and Teutsch- 
laender led all these to the conclusion that to the extent that proliferation 
occurred it was of granulomatous character. The mass of evidence 
would seem to be sufficient to establish the fact that embryonic dis- 
placement alone is not sufficient to cause malignant growth, at least 
with displacement such as may be achieved experimentally. The excep- 
tional instances in which cancer has followed such experimental dis- 
placement have thrown no light on the problem of the causation of the 
tumor, except in some more complicated experiments, to be discussed 
later, in which to the displacement was added accessory action of one 
sort or another. 

Transplantation of Adult Tissues. — Similarly, a number of experi- 
ments involving the transplantation of adult tissues have been under- 
taken in an effort to check Ribbert’s hypothesis of postembryonic 
displacemeiit as a factor in the genesis of tumor. Even before the 
publication of Ribbert’s hypothesis, Schweninger in 1886 had reported 
that transplanted epithelium showed only restricted growth; Levin in 
1901 likewise observed some growth of transplanted skin, but not of 
other tissues; Marnoch in that year, Nichols in 1904-1905 and von 
Laniezan in 1913 observed at most only limited proliferation after 
transplantation. Only one or two reported experiments stand in con- 
tradiction to these findings. Lack in 1900 inserted ovarian scrapings 
of rabbits into their peritoneal cavities, and in 1 of 2 surviving animals 
found a generalized implantation of epithelium throughout the peri- 
toneum, with growths in -the liver, pleura and lungs. And in 1912 
Stieve found that in 1 of 46 guinea-pigs in which the effort was made 
to transplant the granulation tissue produced in response to the injec- 
tion of kieselguhr, the tissue on implantation was capable of sustained, 
independent and infiltrative growth. 
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PARASITISM 

Protozoa . — While the earlier attempts at the transfer of cancer were 
based on the idea of demonstrating its parasitic cause, numerous more 
direct efforts at the discovery of a conjectured 'parasite were being made. 
Among these were the numerous attempts to discover protozoan organ- 
isms, and the earlier literature on the etiology of cancer abounds with 
the claims of those who believed that such parasites had been discovered. 
For the most part, these claims were based wholly on morphologic 
observation. Unusual inclusion bodies in cancer had been observed by 
Muller as far back as 1839, by Virchow and by Bruch in 1847, and 
by Hannover in 1852. Virchow, at least, interpreted these as degen- 
erative inclusions, and it was not until 1888 that Pfeiffer announced 
the belief that among them' were forms that could be regarded as 
protozoa. In the following year, Darier, Albarran, Malassez and Thoma 
reported what they regarded as sporozoa or coccidia in human cancers, 
with as a rule a claim for their etiologic relationship to the disease. 
Darier based his claim largel}’’ on a study of Paget’s disease of the 
breast, and in 1890 Hutchinson and Wickham believed that they were 
able to substantiate his claim. In this year other reports of supposed 
protozoa in cancer were made by Hache, van Heukelom, Sibley, 
Sjdbring, Vincent and again by Pfeiffer. Not all of these reports were 
accompanied by claims of causal association — ^this is true throughout 
this entire field of cancer research — but enough positive statements were 
made to excite a considerable volume of adverse comment. Cazin, 
Eberth, Klebs and Schutz were among the first to deny the parasitic 
nature of these inclusions, and Borrel particularly insisted on their 
degenerative character. Possibly as a result of these views two reports 
of protozoon-like inclusions made in 1891 b}' Bowlby and Stroebe were 
reserved in their interpretations, as was the case with a similar report 
made by Kursteiner in 1893, and their identification of the bodies as 
parasites was at most only tentative. In the meantime there was an 
increasing mass of adverse opinion, Fabre-Domergue, Boeck, Firket, 
Kanthack, Piffard, Pilliet, Ribbert and Steinhaus all taking this view. 
Since Delepine had suggested that the mildly stimulant action of many 
protozoa would well serve to explain the phenomena of cancer, Shattock 
and Ballance attempted cultivation experiments with cancerous tissues, 
along with the inoculation of cancers into lower animals, as ■well as of 
coccidia into rabbits, with entirely negative results. During 1892 the 
discussion continued unabated, Boyce, Cazin,- Fabre-Domergue, Flexner. 
Karg, Muller. Kosinsky, Raum and Virchow maintaining that the dis- 
puted inclusions had their origin in phagoc 3 'tic or degenerative processes, 
and Delepine becoming more doubtful of their micro-organic character. 
Steinhaus, on the other hand, was disposed to admit the parasitic nature 
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of some of the inclusions, and Foa, Malassez, Metchnikoff, Souda- 
kewitch, Sawtschenko, Ruffer, Walker and Podwyssozki either reported 
the identification of protozoan parasites or claimed this character for 
organisms previously described. During the next few years the nega- 
tive view was argued by Boyce and Giles, Cazin and Duplay, Claessen, 
Gibbes, Hebb, Ohlmacher, Pianese, Petersen, Rosenthal, Snow, Fabre- 
Domergue, Cornil, Steinhaus, Ribbert, Adler and Borrel, and with 
certain reservations by Power, Massari and Ferroni. But at the same 
time renewed claims were being made by Burchardt, Cattle, Clarke, 
Galloway, Korotneff, Pawlowsky, Ruflfer, Ssudakewitsch, Foa, Kahane, 
Kurloff, Nepveu, Steven and Brown, Vedeler, Smith, Power, Busquet, 
Bose, Ga3dord, Eisen, Sjobring, Schuller, Jurgen, von Leyden, Jaboulay 
and Feinberg. With almost all of these alleged parasites, the only 
evidence of their existence was morphologic observation, and occasion- 
ally this was the subject of severe criticism — ^the organisms of Schuller, 
for instance, being identified, perhaps with justice, as particles of cork. 
However, Gaylord believed that the inoculation of his protozoa into 
guinea-pigs was occasionally followed b}' the appearance of cancerous 
lesions, and Sjobring that similar results followed when his parasites 
were injected into white mice. Even later claims have been made for 
protozoan parasitism in cancer by Saul, Robertson, Jaboulay, Awerin- 
zew, Elmassian, Clarke, Koch and, as latel}^ as 1928, by Krug. Later 
exponents of the adverse view have been Nosske, Honda, Calkins, 
Borrel, Apolant and Embden, Klimenko, Bastian, Rosenberger, Unna, 
Greenough, Farmer, Moore and Walker, Blum, Griinbaum and Pod- 
wyssozkoi, who in 1909 acknowledged the degenerative character of 
organisms previously regarded by him as parasites. Brown, McDonagh, 
Lewis, McConnell and Lang, Deetjen and Machiarulo. While there 
was no particular harmony in the ideas of just what the inclusions 
might be, all the' aforementioned investigators were insistent that the 
identification of the inclusion bodies as parasites was incorrect or at 
least conjectural, and their etiologic significance even more so. 

More carefully considered than the attempts at identification of a 
parasite almost solely on morphologic grounds was the work of O. 
Schmidt, who in 1903 reported the observation in cancer of a sporu- 
lating parasite, with ciliated and ameboid stages, which in his experience 
could be grown on strains of Mucor racevwsus. In later publications 
he announced that inoculation of infected colonies of Mucor into lab- 
oratory animals was followed by tl\e appearance of malignant tumors 

sarcomas in rats and mice and 1 carcinoma in the mouse. In addition 
he found that injection of killed cultures had an immunizing effect 
against implanted sarcomas in rats. But Schuberg in 1906 disagreed 
as to the protozoan character of the alleged organism; Baisch in 1908 
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observed only one tumor in 70 survivors of 100 mice inoculated with 
Schmidt’s organism, and quite failed to get any evidence of immunizing 
action ; von Wasilewski and Wiilker in 1912 could not find the protozoon 
in strains of Mucor obtained from Schmidt, nor in attempts of their 
own at its isolation ; nor could they produce tumors in animals by experi- 
ments reproducing those of Schmidt as closely as possible. On the other 
hand. Rehorn in 1928 cultivated strains of Miicor from 2 human tumors, 
and in 70 rats inoculated with these observed the appearance of 2 cases 
of tumoi'. 

Alleged successful causation of malignant tumors in animals by the 
injection of supposedly protozoan organisms was also reported by 
Walker in 1911, and by Flynn in 1922. The former worked with an 
organism obtained from the earthworm, which he regarded as the inter- 
mediate host ; his photomicrographs show what appear to be granulomas. 
As to Fl3mn’s work, the report is not sufficiently detailed to permit 
discussion. Von Calcar reported in some detail experiments to prove 
the protozoan origin of cancer: observations of proliferative growth 
in the livers of dogs, occurring only about such individual trematodes 
as harbor protozoa (Metorrchis truncafns) ; lessened incidence of tar 
cancer in mice shielded from possible protozoan infection; induction 
of cancers in achylic dogs by allegedly infected material, etc. 

The discover}^ that m)^xameboid organisms, parasitic in plants, were 
capable of exciting these to redundant tumor-like growth, served as a 
stimulus to the identification of similar organisms as the cause of 
tumors in animals. The protozon reported by Pfeiffer in 1890 was 
regarded by him as analogous in appearance to Synchytrium taraxaci, 
and that of von Leyden was compared with Plasmodioplwra brassicae; 
Robertson and Wade and Fink in 1905 fancied a like similarit}'’ between 
apparent observed organisms and that parasite, as had Gaylord in 1902. 
Behla, who adduced the parasitic nature of cancer on indirect grounds, 
was inclined to implicate organisms of this type. However, although 
Podwyssotzkoi in 1900 got what he regarded as giant cell sarcomas in 
rabbits and guinea-pigs after their inoculation with infected leaves, 
in 1905 Lowenthal reported negative results from inoculation experi- 
ments, and Saul in 1906 obtained at most epithelial and connective 
tissue hyperplasia suggestive of chronic inflammation. Von Pi'owazek, 
after close study, was unable to find any similarity between the sus- 
pected cancer inclusions and P. brassicae. 

The assertion made by Adamkiewicz in 1893 to the effect that the 
cancer cell itself is a foreign protozoan parasite, which was persistentl}'^ 
advocated by him as lately as 1911, evoked some of the harshest criti- 
cism (Kinscherf and Bartsch, Paltauf and von Hansemann) that appears 
in the annals of cancer investigation. A similar view was advanced 
by Butlin, but received no wider acceptance. The idea that the 
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cancer cell itself is a parasite, not necessarily of foreign origin, has 
been advanced with some frequenc}^ — ‘by Bard, Debove, Raymond, 
Tyzzer, Walsh and Critzmann, the latter with the additional conception 
that its origin results from the inclusion of one impregnated ovum 
■within another. The conception of the cancer cell as a parasite, without 
any suggestion of how that parasitism is achieved, simply serves as a 
brief and more or less accurate characterization of its behavior, and 
is of course without bearing on etiology. 

This statement does not apply to the theory of Kelling, who 
regarded cancer as the result of implantation in the organism of foreign 
embryonic cells, the character of which he believed he could identify 
by suitable immune reactions ; he reported the experimental induction of 
tumors, though in a small proportion of his animals, by methods which 
he regarded as confirming his views. In an analysis of Kelling’s work 
by von Dungern, it was pointed out that the immune reactions which he 
reported were much more plausibly explained as being of nonspecific 
character. Lubarsch, although he could not accept Kelling's theory, 
believed that in some of the latter’s experiments there was evidence of 
transfer of tumor-inducing substances, but Ribbert refused completely 
to credit Kelling’s reports of apparently successful induction of tumors. 

Bacteria and Other Vegetable Parasites . — Almost coincident with 
the reported occurrence of protozoan parasites in cancerous growths 
were a number of efforts to implicate various bacteria as their cause. 
In 1887 Scheurlen described the isolation from 10 cases of human 
cancer of a spore-forming bacillus with which he believed he could 
cause carcinoma of the breast in dogs. Rappin, in the same year, 
similarly obtained a diplococcus, which in 1 instance caused what he 
described as a cancer of the breast in an inoculated rabbit; Schill 
reported the occurrence in both carcinomas and sarcomas of bipunctate 
organisms, for which, however, he made no etiologic claim. Meanwhile, 
Ballance and Shattock, although professed believers in the infectious 
origin of tumors, reported that in the great majority of cancers studied 
by them the bacteriologic observations were consistently negative. In 
1888 Freire believed that he could confirm Scheurlen’s findings, and 
even claimed to have anticipated them; Francke, too, agreed with 
Scheurlen as to the presence of the bacillus in human tumors. But 
Senger, Pfeiffer and Baumgarten, all working with this bacillus, were 
unanimous in regarding it as a mere contaminant, basing their con- 
clusions on its cultural characteristics, on the fact that it appeared not 
infrequently as a contaminating oi-ganism on their culture mediums, 
and on its only occasional presence in tumors which were almost without 
exception ulcerated. Makara reported that systemic bacteriologic study 
of cancers only rarely showed the presence of bacteria, even as 
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accidental invaders, while Bernabei, who recovered from tumors organ- 
isms similar to those described by Schill, found that their only effect 
on inoculation was the production of a rapidly fatal marasmus and 
cachexia. Rosenthal, and a little later Sanquirico, after studies of 
Scheurlen’s bacillus, denied that it could have any causal relationship. 
That organisms could easily occur in cancer without having necessarily 
any bearing on its cause was indicated by Gley and Charrin, who found 
a rabbit tumor heavily infected with Staphylococcus aureus. Never- 
theless, in 1890 Koubassoff found in human cancers a short bacillus 
which on inoculation into laboratory^ animals caused disseminated nodular 
growths. A second report was made in 1891 by Ballance and Shattock 
of negative bacteriologic observations in cancer, and since that time the 
claims for a discovery' of a specific bacterial agent have been relatively 
infrequent. But a number of statements have been made asserting that 
the cause of cancer was to be sought in higher vegetable organisms. 
Von Niessen in 1894, Braithwaite in 1895, Bra in 1898 and Chevalier 
in 1899 found mycotic organisms in cancer which were in part claimed 
to have a causal relationship, Chevalier believing that this view was sup- 
ported by inoculation experiments, which Fabre-Domergue and Rich- 
ardson were unable to confirm. 

The attempted identification of saccharomycetes or blastomycetes as 
the cause of cancer has given rise to such an extensive literature as to 
necessitate its discussion as a separate item. To continue the more 
general aspect of the subject, a report by' Monsarrat to the effect that 
he had recovered from cancers a pleomorphic organism that would 
produce in guinea-pigs tumor-like growths, on being reviewed by a 
committee of the Pathological Society' of London, brought the verdict 
that these were of granulomatous character. In 1905 Hoffmann 
announced the finding in ulcerated cancers of spirochetes, but although 
this was confirmed by' Loewenthal in 1906, Beebe and Gay'lord in 1907, 
and by Deetjen and Simmonds in 1908, the significance of their rela- 
tionship to the ulceration was quite generally recognized, only' Gaylord 
suspecting that they might play a causative role. Deetjen, indeed, had 
found them present in nonulcerated tumors in the mouse, but he was 
able to find a strain of the same tumor in which they' were absent, and 
to show that in some unsuccessful attempts at transfer of tumors, the 
spirochetes might be inoculated independently; in 1919 Mueller showed 
that it was possible to destroy the spirochetes in these tumors without 
affecting the latter. 

The Micrococcus ucoformans of Doyen — as its name indicates, a 
coccoid organism in which he believed that he had found the cause of 
the disease, with apparent production of cancers in rats following its 
inoculation — met with the same fate as previously' announced bacterial 
causes. Karwacki regarded it as a secondary invader, and Letulle 



EGGERS— ETIOLOGY OF CANCER 


995 


reported that the alleged tumors caused by it were in reality of inflam- 
matory character. In 1914 Minett identified this organism with Staphy- 
lococcus alhus, which is frequently found in the deeper tissues. Much 
of the interest in M. neofonnans lies in the explanation by Doyen of 
the mechanism of its production of tumors — the provocation by it of 
excessive and abnormal phagocytic activity, which,- leading to intranu- 
clear parasitism, gave the cells the property of unrestricted growth. 

In 1908 Robertson reported that he found in cancer rod-shaped 
organisms, which, however, he regarded as a stage in the life cycle of 
a conjectured protozoon of alleged causal relationship. In 1921 the 
same writer implicated large diphtheroid organisms as the probable 
cause. Leyton in 1916 claimed to have isolated from rat tumor a 
filtrable streptothrix which on repeated injection into rats caused in them 
inoculable sarcomas, and in 1920 King found in cancer a fungoid organ- 
ism with a complex life cycle, for which he also claimed positive results 
on inoculation. In 1921 Nuzum reported that in cultures from trans- 
ferable mouse cancers he obtained a coccoid organism that produced 
tumors in inoculated mice; in 1925, with a streptococcus isolated from 
malignant tumors, he observed that following its inoculation into the 
breast duct of dogs, there was a development of cancer there in 2 of 5 
attempts, 1 of the dogs dying with generalized cancerous metastases. 
Also in an elderly man, who had previously had an epithelioma, a similar 
tumor appeared after repeated inoculation with this organism. Nuzum’s 
earlier work was checked, unsuccessfully, by Kross. 

The etiologic relationship of pleomorphic bacteria to malignant 
tumors has been the subject of a number of claims. Young in 1921 
stated that tumor developed in 10 per cent of mice inoculated with such 
an organism. Glover, and Loudon in confirmation of him, made 
similar claims, which Kolmer, Harkins and Saleeby, after repeating 
Glover’s experiments with scrupulous observance of his technic, were 
unable to verify. Purpura isolated from cancer a pleomorphic organism 
for which, however, no etiologic relationship was suggested, and Lieske 
as recently as 1928 implicated such an organism as the cause. Nissle in 
1927 stated that in mice he had caused cancer by the injection of molds 
or their filtered broth cultures ; Lumiere and Montoloy, also in that year, 
failed in 45 tumors to find any organisms that were not almost certainly 
secondary invaders. 

Reference has been made to the suggested identification of blastomy- 
cetes as the cause of cancer. The stimulus to this was furnished by a 
report by Busse to the effect that these organisms had been found to 
cause a human lesion which he first believed to be a giant cell sarcoma 
of bone, although in a later report he recognized it as a chronic inflam- 
matory lesion. Even before this, Russell had described his “fuchsin 
bodies,” which he had interpreted as yeasts, though Klien, Dean and 
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Councilman had announced that in their opinions they were, like the 
alleged protozoa, simply the products of degenerative changes; Ber- 
gonzini, while disposed to concede their living character, questioned any 
possible relationship to the cause of cancer. In 1895, the year of 
Busse’s amended report, Sanfelice, Aievoli, Rossi-Doria, Kahane, 
D’Anna, Curtis, Roiicali and Corselli reported the isolation of organisms 
of this type from tumors, and in some cases the causation by these of 
tumors in laboratory animals. Similar claims wei'e subsequently made 
by Binaghi, Mirto, Hare and Harris, Plimmer, Leopold, Wlaeff and 
Fabry and Trautmann. Sanfelice believed that Russell’s bodies could be 
identified as of the type of the saccharomycetes which he regarded as 
the cause of tumors, and Roncali announced a similar identification of 
Korotneff’s parasites. But Mafucci and Sirleo, although believing many 
malignant tumors to be of infectious origin, recognized the inflammatory 
character of blastomycotic lesions, as did Frothingham, Bonome, Gale- 
otti, Henke, Nichols and Petersen and Exner; Lubarsch and Franchetti 
reported negative results following the inoculation of animals ; Sternberg 
regarded the alleged blastomycetes in tumors as degenerative products; 
Lecount and Greenough made the same identification of the alleged 
organisms described by Plimmer, and Spirlas found that Plimmer’s 
bodies could be produced by the injection of a considerable number of 
diverse agents. Alessandri in 1903 reported that cultivation attempts 
with 33 tumors yielded consistently negative results as regards blasto- 
mycetes, although that they were occasionally present was shown by 
McCampbell, who recovered them from a spontaneous tumor of a wild 
mouse, but was unable to find any tumor-producing action by these in 
experimental transfer. Loeb, Moore and Fleisher only exceptionally 
found yeasts in malignant human tumors, and their attempts at the causa- 
tion of tumors by yeasts yielded only inflammatory lesions. Of late years 
the attempted identification of the blastomycetes as the cause of malig- 
nant growths has been almost completely abandoned, although Pentimalli 
in 1912, having observed local hyperplasia of tissue in fowls into which 
endotoxins of these yeasts had been injected, expressed the belief that 
infection with them may be a contributing factor; Roncali in 1914 con- 
tinued to regard them as one of a number of parasites acting as causes, 
and as lately as 1929 Sanfelice believed that he was able to observe 
amelioration of human cancers treated with preparations of blastomy- 
cetes. A reexamination of Russell’s fuchsin bodies by McConnell and 
Lang in 1921 led them to conclude that these bodies were the result of 
cytoplasmic degenerative changes. There are few organisms that are 
more definitely associated with hyperplasia of tissue than are the patho- 
genic yeasts, and it was undoubtedly the irregular and excessive epithe- 
lial overgrowth which these infections occasion that led to the conclusion 
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that they were the cause of cancer, despite the absence of independent 
and unrestricted, and of remote, growth. 

Bacillus Tumefaciens: A discovery of association between certain 
bacterial infections and the inception of tumors, in which the exact rela- 
tions are still far from clear, resulted more or less directly from a study 
of crown galls in plants. A similarity between plant galls and animal 
tumors was noted even in 1887 by Paget, and Packard again called 
attention to it in 1911. In an article published in 1912, E. Smith 
emphasized the resemblance of crown galls to malignant tumors, espe- 
cially as regards the features of invasive and secondary growth, and a 
few years later he was able to show that these lesions of plants were 
caused by infection with a bacterium which he termed Bacillus tuine- 
faciens. The close analogy of the plant and animal tumors is still dis- 
puted. Levin, who in 1920 accepted the analogy, in 1922 pointed out 
that unlike the neoplasms of animals, those of plants possessed tissues 
capable of complete differentiation. Blumenthal, along with Hirschfeld, 
also expressed doubt of the similarity, and Stapp in 1927 expressed the 
belief that the crown galls were more properly to be regarded as gran- 
ulomas, while Vasiliu regarded them as more analogous to benign tumors 
of animals, Nemec in 1928 also viewed them as granulomas, as did 
Scaglione and Hamdi in 1929. Agreeing with Smith in regarding them 
as plant cancers was Magrow in 1924, Auler in 1927 and, as will appear 
shortly, Blumenthal in a number of his later reports. In 1920 Smith 
was able to secure tumor-like hyperplasia in plants by the application 
of dilute alkalies and acids, by the introduction of foreign organisms 
and by partial asphyxiation — results which would appear to suggest a 
granulomatous reaction — a view further sustained by the causation in 
plants of lesions similar to the bacterial crown galls by the injection 
of 1 per cent lactic acid solution, as reported by Blumenthal and Meyer 
in 1923. 

A year later Blumenthal, Auler and Meyer reported that from 12 
of 30 human tumors they had succeeded in isolating organisms which on 
inoculation into animals induced malignant tumors; the latter finding 
was confirmed by Pickhan. Especially significant appeared to be the 
fact that the organisms could not be recovered from the induced tumors. 
In spite of certain cultural differences, it was at first believed that the 
several bacterial strains isolated were closely related to each other and 
to Smith’s B. tumefaciens, a belief which was not substantiated by later 
work, especially by that of Reichert, who demonstrated decided differ- 
ences in the several organisms, not only in cultural characters, but also 
in regard to toxicity and immunity reactions, this last fact being later 
confirmed by Becker. It was the usual experience that B. tumefaciens 
of plant origin was without effect on animals — among the published 
experiments to this effect being those of Teutschlaender and of Borghi 
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and Luzzatto. Those of animal origin, on the other hand, were fre- 
quently active in plants, as shown by Kauffmann with a bacillus isolated 
from mouse cancer, by Fejgin, Epstein and Funk, and by Bechhold and 
Smith — at times even when their action on animals was no longer mani- 
fest. 

That the tumefacient action of these bacteria is apparently not 
dependent on the organism itself is indicated by a number of observa- 
tions, So in 1919 Blumenthal observed that accidental contaminants at 
times became possessed of this effect, a result which he was not able 
to achieve intentionally. The outstanding differences between various 
organisms of the tumefacient group led Reichert to seek a common 
property in a filtrable virus which he believed they harbored, a view 
which was later shared by Blumenthal, largely on the basis of Gye’s 
work. The finding by Kauffmann that the power of inducing tumor 
could be lost by organisms on cultivation, and that of Friedemann, Ben- 
dix, Hassel and IMagnus that organisms apparently identical with the 
B. tuinefacions of plants, even as regards immunity reactions, but with- 
out tumefacient power, could at times be isolated from human inflamma- 
tory lesions, supported the idea that some extrabacterial agency was 
concerned in their action. Bechhold and Smith, indeed, found that the 
active agent could be filtered through a membrane holding back particles 
more than 20 micro-microns in diameter, could be boiled for over 20 
minutes without destruction, and would resist the action of 1 per cent 
phenol for 1 hour. But there is no general agreement as to the more 
significant of these findings. Kauffmann, in his latest work, found 
that living organisms were necessary for the production of tumor, and 
regarded the tumors as granulomas. It had been emphasized by Blu- 
menthal, Auler and Meyer that softening or ulceration of animal tumors 
was necessary for the recovery of the organisms, and Rath reported 
their rather general occurrence in animal tumors that had been sub- 
jected to a process of preliminary artificial digestion. Although his 
results were regarded as confirmatory by Blumenthal, Rath’s later find- 
ing, that by this process he could recover Blumenthal’s bacillus from the 
tumors that were caused by its inoculation, seems to cast doubt on the 
autonomous growth of those lesions, and possibly relegates them to 
the group of granulomas, 

Distrihition of Cancer as an Evidence of Infectivity . — Cancer 
Houses and Localities: There is a considerable body of accumulated 
literature bearing indirectly on the subject of the infectivit}*' of cancer. 
In this are a number of instances of local distribution in circumstances 
such as to suggest the action of a common etiologic factor and hence 
the possibility of infection. Instances of the localized concentration of 
cases of cancer are rather numerous ; in some cases these are associated 
with peculiarities of water supply or drainage, while others are without 
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this association. Among the former are those reported by Alderson in 
1885, indicating a riverine distribution; those by Haviland in 1890 and 
1895, of “cancer houses” located in regions liable to flooding, although 
in the later of these reports the possible action of an hereditarj'- factor 
is' mentioned ; those by Fiessinger in 1893, who from the usual proximity 
of such areas to riverine or wooded regions postulated a factor of insect 
transmissibility ; those by Webb, who in 1894 reported on cancer houses 
that were apparently related to water supply; those by Nason, who in 
1898 reported on British registration areas where high incidence of 
cancer coincided with low-lying, poorly drained land, and those by 
Blake and by Power, of riverine cancer in England. A summarized 
report in the British Medical Journal for 1900 describes poorly drained 
regions in Warwickshire, Staffordshire, Shropshire and Worcestershire 
which had unduty high cancer rates. Mason in 1902 and Plowright in 
1904 discussed similar instances, the latter finding especially high cancer 
death rates in waterlogged areas with surface water in the wells, with 
50 per cent of the cases occurring under the 50 foot (15.2 meter) level, 
and only 10 per cent above the 500 foot (152.4 meter) level. Behla, 
in the triple community of Luckau, Kalau and Sandau, found frequent 
cases of cancer in the two former, low-lying settlements, and none in 
the last, which had a high, well drained site. Poppelmann reported 
localized incidence of cancer in a German village with apparent relations 
to the drainage system. Other reports of similar tenor have been made 
by Prinzing, Kolb, Unglert, Sachs and Abramowski, the last with an 
account of a sandy, well drained point that was free from cancer, while 
on nearby marshy shores it was common ; Eichhorn, in a survey of cancer 
distribution in the district of Constance, in southern Baden, has 
found this same relation to drainage. Stelys described an apparent 
case of relation between water supply and cancer, with inferences of 
causation quite unlike the usual one of infection ; in Clermont the dis- 
ease appeared to show localized distribution along a volcanic fissure of 
the subsoil, which was the site of numerous carbonated springs, an 
association which he suggests may be due to the excess of carbon diox- 
ide, deficiency of ox}^gen or the presence of radio-activity. By no means 
all the instances of localized cancer concentration are linked witli pecu- 
liarities of water supply. Wheeler in 1885 reported localized centers 
in Castine. Me., which had no such relation; Scott in 1900 could find 
no evidence of such a relationship in eastern Essex; Hoeber in 1904 
found that in Augsburg, while cancer was more frequent in the lower 
portions of the city, these parts were also the oldest and most densely 
populated. Gordon and Thompson in 1913 found in two registration 
districts in Cornwall very uneven, patchy distribution of cases of cancer 
with, however, no apparent relation to water. Nor could Robertson find 
any suggestion of riverine incidence in the distribution of cancer in 
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Scotland. There is at least one report of the latter distribution in cir- 
cumstances in which another, definitely known etiologic factor of cancer 
plays its part, the riverine occurrence in Kashmir of kangri cancer, as 
reported by McCulloch. 

Other reports of the geographic concentration of cases of cancer 
without special relation to water supply or to drainage are those of 
Arnaudet, Lucas-Championniere, Guelliot, Noel, Fabre-Domergue, Loeb 
(in cattle), Kruse, Sticker, Tyiies and Sambon. Some of these have 
been accompanied by suggestions as to etiology other than that of active 
transfer of an exciting agent. Loeb believed that the localized occur- 
rence of frequent cases of cancer in cattle from a certain ranch in 
W)^oming could be best explained by heredity ; Kruse ascribed the rela- 
tively high frequency of cancer in northern Italy to racial influences, 
and Pick, writing of the endemic occurrence of thyroid cancer in 
Salmomdae, believed that this was due to some deficiency in their water. 

The reports of cancer houses are numerous. Behla, Brand, Guelliot, 
Fiessinger, Haviland, Lucas, Lyon, Mason, Power, Rohdenburg, Sam- 
bon and Webb have reported instances of these, in some cases of 
unusual interest. Rohdenburg was able in his cases to establish with 
some regularity, in all the cases of cancer concerned, a common factor 
of chronic irritation. The usual view of the so-called cancer houses is 
that of von Hansemann, who regarded them as being purely the result 
of coincidence. Mathematical analysis is undecided as to this, Pear- 
son, after such analysis of the distribution of cancer in one (British) 
I'egistration area, believed that it showed the presence of cancer houses 
beyond the possibility of coincidence, and study of the indiviual houses 
to his mind excluded explanation by occupation or by heredity. McKen- 
drick, on the other hand, after mathematical analysis concluded that the 
occurrence of such houses was purety fortuitous. 

Cancer a Deux : The numerous cases of cancer a deux, such as those 
collected by Behla, Bernstein, Budd, Castueil, Levin, McEwen, Martin 
and von den Velden, are as difficult to interpret in terms of etiolog}’' as are 
the cancer houses. A few are of unusually suggestive character, as that of 
Martin, in which a wife developed a squamous cell carcinoma of the breast 
at the site where her husband, to obtain comfort, was accustomed 
to rest his cancerous ear. While this might be a case of implanta- 
tion from one person to another, the unusually interesting case of appar- 
ent transfer reported by Lecene and Lacassagne does not admit of such 
an explanation : Here a medical student, in aspirating serous fluid accu- 
mulated in a cancerous breast, accidentally injected some of it into his 
hand, and a few months thereafter an eventually fatal sarcoma developed 
at the site of the wound. The mathematical probability of cancer a 
deux has never been satisfactorily determined. Von den Velden believed 
that his data, based on 1,915 cases of cancer, showed its occurrence in 
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7 times the probable frequency. Levin, on the other hand, observed 
cancer a deux in only dS of 4,000 collected cases. 

“Cage Epidemics”; Occasional phenomena have been observed in 
laboratory animals that somewhat resemble those of cancer houses or 
cancer a deux. Endemic outbreaks of cancers in animals have been 
described by Borrel, Loeb, Michaelis, Gaylord, Haaland, Negre, Asch- 
ner, Henke, Klinger and von Wasielewski. Loeb believed that those 
reported by him could be best explained by hereditar}'^ factors, and while 
this explanation applies to the outbreak reported by Michaelis, that 
reported by von Wasielewski was peculiar in that it involved only 1 of 
9 cages of similarly bred mice, and Klinger believed that the hereditary 
element could be definitely excluded in the instance reported by him. 
Bashford, Murray and Ci'amer suggested that apparent outbreaks of this 
sort in laboratory animals might be mei-ely the result of the accumulation 
of an excessive proportion of aged individuals. In the case of the 
endemic occurrence of the thyroid tumors of fishes, it has been estab- 
lished by Marine that a large part is played by a deficiency of iodine. 

Helminth and Other Higher Animal Parasites. — The association of 
malignant neoplasms with infestation by various helminth parasites, 
which was placed on a definite experimental basis by Fibiger in 1913, 
had been noted clinically for a considerable period before that, Groth 
in 1864, Klopsch in 1866 and von Linstow in 1868 had reported cases 
of carcinoma of the breast associated with infection by Trichina, and 
the second named had expressed the surmise that the one process might 
have a causal relationship to the other. A case of cancer of the breast 
with trichinosis reported by Strandgaard and one of cancer of the skin 
by von Langenbeck — references that I have been unable to verify — are 
cited by Lewin, Since these early reports, cases of this association 
have been infrequent, probably because of the more effective control of 
the parasite, although Babes reported a case of bronchial carcinoma, 
and Babler one of cancer of the lip, associated with trichinosis, and in 
1920 Fibiger was able to cite another case, of cancer of the tongue. 

Schistosoma haematobium as a tumefacient agent was first reported 
in connection with polyps of the bladder by Sonzino in 1876 and by 
Couenon in 1881. Belleli in 1885 observed what he regarded as this 
paiasite more probably it was S. mansoni — in association with a rectal 
fibro-adenoma, and in that year Kartulis reported that the tumor-like 
growths of the bladder were of such a character as to lead occasionally 
to rupture. Apparently, however, the first definitely diagnosed car- 
cinomas associated with 5. haematobium were those reported by Har- 
rison in 1889. Albarran and Bernard in 1897 reported a similar case, and 
in 1898 Kartulis reported not only a number of cases of vesical cancer 
but also one of cancer of the foot which showed relations to the parasite' 
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and occasional cancers of the rectum and prostate (5'. 11101130111 ?) . The 
most comprehensive discussion of the relationship of 6", haematobium 
to cancer is that of Goebel, who called attention to the stage of pre- 
liminary irritation induced by the parasite, as Avell as to the blockage 
of blood and lymph vessels by the ova. 

In 1890 Toison reported the finding of unidentified ova in the central 
portion of a sarcoma, and in 1898 Kanamori described in detail the 
observations in a case of rectal caixinoma associated with the ova of a 
parasite unidentified at that time, but since recognized as S. japonicum. 
That this case was not exceptional was shown by Kazama, who in 1921 
pointed out the frequency of intestinal cancer in districts infested with 
that parasite, and its association with the ova. Obviously- tumefacient 
properties would appear to be generally associated with Schistosomidae. 

Distomidae would appear to have almost equally great powers of 
inducing tumor. Askanazy in 1900 reported in East Prussia the occur- 
rence of hepatic cancer associated with D. feliiieitm, and Katsurada 2 
cases of cancer of the liver among 76 cases of infestation with D. 
spathniatum studied by him. In addition to its occurrence in East 
Prussia, D. felhicum has been reported as causing cancer in Russia, by 
Ruditzky, and in Holland, where Hoogland found 5 cases of cancer of 
the liver in infested cats and reported on the apparent association of 
Distoma with cancer of the liver in cattle. With this parasite, as with 
5". japonicum, the preliminary changes are those of chronic inflammation ; 
Paul in 1927 called attention to its action in inducing cirrhotic changes 
in the liver. 

A rather wide range of parasites have shown relationships to cancer 
in lower animals, in addition to those already cited in relation to human 
cancer. Borrel in 1906 reported on the frequency of rat sarcomas in con- 
nection with Cysticercus, a finding confirmed ])y Regaud in 1907. Bridre 
and Conseil and also McCoy in 1909, Woolley and Wherry in 1911 and 
1912 and Bullock and Rohdenburg in 1913. Experiments at the induction 
of tumor with this parasite, Taenia crassicaudes, were made with very 
doubtful success by Saul in 1907, but in 1920 Bullock, Curtis and 
Rohdenburg were able to produce sarcomas of the liver in rats fed with 
the eggs of the parasite. Here, too, as they had shown in a previous 
report, the development of a malignant condition is preceded by changes 
of a chronic inflammatory character. Of miscellaneous parasites that 
have from time to time been connected with the appearance of tumors 
in animals are: Trichodes crassicauda, which Loewenstein reported in 
1910 as causing papillary tumors of the urinary bladder in i-ats, occa- 
sionally with some indications of malignancy; even proximity of the 
ova appeared to suffice to induce the changes, which were without evi- 
dences of preceding inflammatory hyperplasia; Rhabditis pelUo, reported 
in 1919 by Kopsch as causing both carcinomas and sarcomas in infested 
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frogs ; experimental attempts at the induction of cancer by this parasite, 
reported by Puder in 1925, were unsuccessful. Other parasites are 
Dispharagus sp., which von Wasielewski and Wiilker found associated 
with malignant tumors in the stomach of the dove; H epatkolajiepatica, 
which Beatti in 1923 found in connection with gastric cancer of the rat, 
a finding that was confirmed by Bonne in 1926 and studied experimen- 
tally by Vogel in 1929 with reported success, although the photomicro- 
graphic illustrations that accompany the report are not entirely 
convincing; H. cancerogena, a parasite regarded by Beatti as distinct 
from H. hepatica, which he found also frequently associated with gastro- 
intestinal cancer in the rat, although feeding experiments on pied rats 
were unsuccessful. A number of interrelationships between parasites 
and tumors are less definitely established. This is particularly true of 
the suggested connection between acarid infestation and cancer, Borrel, 
who in 1906 suggested that parasites might be the carriers of a cancer 
virus, in 1908 and 1909 reported the frequent presence of these parasites 
in human facial cancers; Negre in 1910 ascribed a cage epidemic in 
mice to the agency of these parasites, and Saul in that year called atten- 
tion to an allegedly wide distribution of acarids in human and other 
tumors. Among the acarids found by Saul was one identified by Dahl 
as a member of the genus Tarsonemi, acarids that in plants evoke gall 
formation. Ascher, also in 1910, observed in rats an acarid infestation 
that caused papillary proliferation and limited downward growth of the 
skin. Von Wasielewski, too, in 1912 found limited epithelial over- 
growth in rats irritated by these parasites, and Chambers and Somerset 
in England in 1923 found acarid infestation frequently associated with 
cancer of the breast. In 1928 Sambon suggested an association might 
be established between cancer of the skin in mice and the presence of 
Psoergetes simplex. Du Bois, cited by Lewin, reported a case of cancer 
of the skin apparently having its inception at the point of lodgement of 
an acarid. 

On the other hand, Tsunoda in 1910 found the same relative fre- 
quency of acarid infestation in normal and cancerous breasts, and Orth 
objected to their implication as causative agents of cancer on several 
grounds — the data of Tsunoda, the lack of relationship between the age 
incidence of the two conditions, and the fact that these parasites are 
especially frequent in hair follicles, which rarely become cancerous. 
Reuter published observations showing the readiness with which acarids 
could invade tissues after their removal from the body. Joest and 
Ernesti in 1916 could find no relationship between acarid infestation 
and cancer in birds, and Marsh, although he admitted the possibility 
of their acting as chronic irritants, found them only rarely in tumors 
in the mouse, and could find no experimental evidence of any relation- 
ship to cancer. Similarly Teutschlaender in 1919, although he found 
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that these parasites in rats caused a form of itch, could find no relation- 
ship of this to cancer in that animal. However, in 1922 he reported a 
cancer of the foot in a chicken locall}'' infested by acarids. Amorniino 
in 1929 found in rabbits that acarids caused only cutaneous inflam- 
mation. 

Other parasites of somewhat doubtful association with cancer are 
the filariae, which were reported by Borrel in 1927 as being of frequent 
occurrence in the spontaneous cancers of the breast in mice, a finding 
that is disputed by Dobrovokskaia-Zavadskaia and Kobozieff. Echino- 
coccus infestation has been suggested as an occasional cause of cancer 
of the liver by Ziegler. Nauck and Liang reported two carcinomas of 
the bile tracts in the liver, in association with the presence there of 
Clonorclns sinensis. 

In spite of the frequently observed at ^ociation between various para- 
sites and cancer, this association might still be regarded as coincidental 
if it were not for the work of Fibiger, to which allusion has been made. 
Basing his work on the observation of frequent gastric cancers in rats 
from the warehouse district of Copenhagen, he was able to establish the 
fact that these were related to infestation with a parasite named by him 
Spiroptera neoplasiica, and the further fact that the intei'mediate host 
of this parasite was a roach of American origin, evidently transported 
to the warehouses by ships. Feeding experiments with these roaches 
definitely showed their relation and that of the parasite to the rat can- 
cers, and by means of them he was able to produce cancers of the 
stomach not only in the pied rats in which most of his experiments were 
conducted, but, though less frequently, in other strains of tame rats as 
well, and, though rarel)*, in mice. With the exception of the causation 
of malignant tumors by Marie, Clunet and Raudel-Lapointe by means 
of the x-ray, which was essentially the repetition in experimental condi- 
tions of a well established clinical fact, this represents the first experi- 
mental induction of cancer strictly de novo. 

As to the mode of action of the animal parasites in inducing malig- 
nant growth, little is known. Their mere ability to induce chronic 
inflammatory changes, although, as has been shown, frequently associ- 
ated with the appearance of cancer, cannot alone suffice to explain their 
tumefacient effects. A number of irritants that produce inflammator}'’ 
changes of equal or greater degree are only exceptionally associated with 
the causation of cancer, as was pointed out by Fibiger in connection 
with infestation by Trichodes, a parasite of the same size, and pro- 
ducing direct effects similar to those of Spiroptera, but rarely if ever 
causing cancer. Borrel in a number of publications views these para- 
sites as the carriers of a presumably living virus, and Mercier and 
Lebailly have suggested that a myxosarcoma of the fowl which they 
reported may have been caused by the transfer b)' acarids of a filtrable 
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agent of the Rous type. Saul in 1915 ascribed their action as due to 
metabolic products, an explanation which, as far as it goes, seems as 
satisfactory as any that is likely to be adduced. The finding of Flury 
and Leeb that the metabolism of Distoma is largely of anoxybiotic type, 
is interesting in view of the experiments on tumor metabolism of /War- 
burg, and hints toward a possible clue in that direction. 

The Filtrahle Agent . — The discovery by Rous in 1911 of the first 
of a series of fowl tumors that are transferable by cell-free material 
introduced into the study of the etiology of tumor an element that even 
yet is not satisfactorily explained. Quickly following the report on this 
first tumor, the finding of a number of similar ones was announced by 
Rous, Rous and Lange, Tytler, Fujinami, Muto, Inamoto and Ogata 
and Ishabashi and later cr by Begg and Teutschlaender. These 
tumors are all alike in that they occur in fowls, and in that they may be 
transmitted by almost certainly cell-free filtrates, by properly prepared 
desiccated tumor tissue and by glycerinated extracts. They vary in 
morphology, but the morphologic type of the original tumor is as a rule 
preserved in the induced tumors, although to a certain extent, as shown 
by Rous and Murphy, variations in the tumor may depend on the host. 
In addition to the confirmation of Rous’ findings as afforded by the 
discovery of similar tumors, his detailed observations were quickly con- 
firmed by Walter and Burger, and since by an enormous volume of 
related work. Burger found that not only could these tumors be trans- 
mitted by the means mentioned, but also at times by the blood or by the 
.ascitic fluid of involved animals, and even by tumor-free organs. As 
regards transmission by blood, Llambias and Brachetto-Brian were able 
to show that not only whole blood, but even washed red cells, could be 
effective, and Lewis and Andervont, that this was true both of plasma and 
washed leukocytes, the latter being the more certain. Fraenkel found that 
while splenic tissue, free from metastases, could cause these tumors at 
times when inoculation with blood gave negative results, no results could 
be anticipated from either unless the tumor had progressed to a consider- 
able size, and that then even the yolk of an ovarian egg might be active. 

In addition to the specificity as to type of tumor, these filtrates aiso 
show marked specificity as to animal susceptibility. With the original 
Rous tumor, this was at first limited to related fowls, and only later did 
Rous and Murphy find that the selectivity gradually disappeared, and 
while eventually they found that the virus was capable of inducing tumor 
in embryonic pigeons and ducks, this is restricted, as with the trans- 
plantation of tissues, to the earlier nonspecific stages of development. 

Closely related to the action of the filtrate is the matter of injury to 
tissue, as was early shown by Rous and his co-workers, who found that 
care taken to minimize this greatly reduced the frequency of the induc- 
tion of tumor. That this is possibly due to fixation of the agent by 
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injured or regenerating cells is suggested by the work of Pentiinalli, 
who found that injured cells and embryonic cells possess such power 
of fixation, and Mackenzie and Sturm, who found the virus localized 
in the early stages of induced local inflammatory reactions. In the 
opinion of Rous, Murphy and Tytler, the metastases that are a promi- 
nent feature of these tumors seem largely to be the results of cell trans- 
plantations, as with the general run of malignant tumors, except to the 
extent that they might result from the action of the agent on injured 
tissues ; however, Fischer has found that in tuberculous fowls the tubei'- 
cle bacilli ma)'- be found in the primary tumor only, which would appar- 
ently indicate the induction of metastases by the cell-free agent. 

As to the nature of this agent, in man}’’ respects it obviously resembles 
an ultramicroscopic living virus, even to the presence in the tumor cells, as 
shown by Borrel, of granulations like those of molluscum or vaccinia. 
Such was the view taken by Gye, who in 1925 published the results of 
experiments that appeared' to indicate that it contained such a virus, 
capable of cultivation, which could be destroyed by the action of certain 
antiseptics, whereupon the filtrate became inactive until its activity was 
restored by the addition of other tumor extracts, even from entirely 
unrelated animals. In other words, the fresh filtrate of the Rous tumor 
contained two elements necessary for the induction of tumors — a living, 
nonspecific virus and a specific adjuvant, the presence of which permit- 
ted the attack of the virus, and which gave the filtrate its properties 
of specificity both as to host and as to type of tumor. Gye’s work 
offered by far the most satistying explanation of the properties of the 
filtrable agent and received a certain amount of confirmation by Baker 
and in part by Mackenzie and Illingworth and Sittenfield and Johnson. 
But b}'^ far the greater number of experimenters who checked Gye’s 
work were unable to find confirmatory evidence. Even in the year of 
Gye’s original report, Roussy expressed the doubt that chloroform, the 
first antiseptic used by Gye, could be relied on to destroy with certainty 
the supposed virus, and Cutler in 1926 and Fraenkel in 1926 and 1927 
published experimental results indicating that such was the case. It 
was quickly shown, too, by Flu, Murphy, Sternberg and Cori, that 
'various non-neoplastic tissues — ^placenta, embryonic tissue, cultures of 
normal organs, even foreign blood — could supply what Gye regarded 
as the nonspecific virus. Pentiinalli in 1927 repeated Gye’s work with 
careful observance of his technic, without being able to confirm his 
results, and a repetition of Gye’s work undertaken by Gye and Mueller, 
with the use of acriflavine as an inactivator, gave results so uncertain 
as to be on the whole nonconfinnatory. And Kolmer and Harkins, 
using concentrations of chlorofonn and acriflavine in degree sufficient 
to insure inactivation, were unable to find any evidence of a restoration 
of tumor-producing power. Illingworth and Alexander, too, found that 
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inactivation by ultraviolet light did not admit of reactivation. With 
experiments as complicated as those of Gye, the possibilities of uncer- 
tainty are numerous. The unreliability of dilute antiseptic agencies has 
been mentioned. Murphy explained the positive results as due to the 
presence of a ferment that, after inactivation, was still capable of reac- 
twation; Harkins, Schamberg and Kolmer believed that the alleged 
specific factor represented a still active, although attenuated, filtrable 
agent ; Haaland, repeating Gye’s work on the causation of mouse cancer 
by apparently cell-free cultures, found that the supernatant broth if 
entirely cell-free was incapable of producing tumors, while the cell- 
containing sediment could produce tumors by inoculation ; in this respect, 
he is not in agreement with Sittenfield and Johnson, who obtained a very 
considerable percentage of successful inductions of tumors, by the use 
of rabbit serum broth cultures of mouse sarcoma, even though these had 
been originally inoculated with the Berkefeld filtrate of the tumor — 
results like those of Gye with similar tumors. Simon and Beck, who 
worked with an artificially induced tumor of the Rous type, believed 
that the occasional positive results observed in Gye’s procedures were 
to be explained by a summation of subinfective doses or by activation 
of a subinfective dose ; and Mueller, who in 1927 was unable to confirm 
not only the work of Gye, but that of Murphy and of Flu as well, 
believed that there were so many uncontrollable local and individual 
factors as to make uncertain any results that might be obtained. 

A number of rather indirect efforts have been made to determine the 
nature of the agent. Some of these would suggest that even with the 
filtrate the causation of tumor is a matter of cellular transfer. Nakahara, 
who found that the action of the filtrate is greatly impaired by alternate 
freezing and thawing, and by acetone — behavior strikingly unlike that 
of known ferments — and who found that prolonged and excessive pul- 
verization of the desiccated tumor would destroy its action — believed 
that this is due to the presence of filter-passing, minute cells, which he 
believed he could observe in the filtrates. This view has not been gen- 
erally accepted, and in regard to the pulverization experiments, it may 
be pointed out that such a process would greatly enhance oxidation, 
which from other evidence is knowm to destroy rapidly the agent in 
question. Fraenkel believed that the possibility of cellular transmission 
could be absolutely excluded, basing his opinion on quantitative experi- 
ments, on the immunity of the agent to various physical and chemical 
agents and on the correspondence in the behavior of the agent thermallv, 
cheinicall 3 >- biologically to that of the ferments. Investigation of the 
particulate size of the agent, which might be hoped to throw some light 
on the matter of possible cell transplantation, has yielded rather con- 
flicting results. Rous and Murphy believed that its size, as determined 
by filtration experiments, would indicate an organized structure even to 
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the point of microscopic visibility; Jung found in an active de Haan 
filtrate formed elements that suggested the possibility of implantation; 
Ono found that the agent could pass through a Zsigmondy-Bachmann 
filter and through a Bechhold collodion membrane with a probable pore 
diameter of 0.6 micron, and Fraenkel, through a filter of a pore diameter 
of 10 micromicrons; Zinsser and Tang, using filtration through aceto- 
collodion membranes, found for the virus a size greater than that of 
casein particles, smaller than that of arsenious sulphide, and comparable 
with that of bacteriophage or hex'pes virus; Baker and Peacock, who 
found that the agent was less susceptible to the action of ultraviolet light 
than are common bacteria, believed that this was due to its smaller par- 
ticulate size. 

Although the action of the agent is on the whole suggestive of that 
of the filtrable living viruses, this similarity does not hold on detailed 
comparison. Loewenthal found a decided difference in this respect in 
comparing the respective responses to capillary attraction. As concerns its 
powers of adsorption, the testimony is conflicting ; Fraenkel, Mislowitzer 
and Simke found that while it was adsorbed by casein, kieselguhr and 
kaolin, it was not taken up by anirnal charcoal, and in general that 
it showed some similarity in these respects to the filtrable viruses ; Lewis 
and Andervont, on the other hand, failed .to obtain its adsorption by 
kieselguhr, kaolin, india ink or charcoal, and so found a decided differ- 
ence from the behavior of the viruses of vaccinia and fowlpox. A 
peculiarity of ,its behavior found by Lewis and Lewis and Andervont 
was that it was inactivated by a number of aluminium salts, the acetate 
proving to be an exception to this rather general effect; also by ‘certain 
calcium salts, the composition of these being such as to suggest a nega- 
tive charge for the agent — a conclusion confirmed by Murphy’s and 
Fulcher’s experiments with cataphoresis and by Fulcher’s experiments 
on its adsorption by oxyhemoglobin. In this respect the agent prob- 
ably resembles the known filtrable viruses, as that of vaccinia was 
shown by Douglas and Smith to have a negative charge, although Nata- 
jaran and Hyde were unable to effect any separation by the cataphoresis 
of a number of these viruses. 

While none of the data just cited are particularly decisive, sti'iking 
evidence against the (living) virus character of the agent lies, as was 
pointed out by Murphy, in its extreme specificity; to postulate such a 
virus as the cause of the several tumors of the Rous type would necessi- 
tate the conception of a separate virus for each, since each is highly 
individual in the matter of predilection for a host, and particularly in 
the matter of the t 3 'pe of tumor that it produces. 

The most conclusive evidence, however, against the theory of a 
living virus lies in the several reports of the causation of this type of 
tumor by purely artificial means. Carrel and his co-workers produced 
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a number of such tumors by the insertion into fowls of embryonic chick 
tissue, along with the injection, not necessarily at the same site, of such 
substances as dilute arsenious acid, indol and tar. While not nearly all 
such attempts have been successful — Deelman was unable to obtain Car- 
rel’s results with arsenic, and Sturm and Murphy, while they obtained 
a sarcoma by the injection of tar and embr}mnic tissue, failed to get one 
transmissible by filtrate — the attempts have been successful in enough 
cases to establish this as one method of tumor production. White and 
Brebner secured directly confirmatory results. To the extent that 
such tumors are like the spontaneous Rous tumors transmissible by 
filtrate, they open two possibilities as to the character of the filtrable 
agent : Either it is a living virus, in which case it is necessary to assume 
that it is harbored by a considerable proportion of normal fowls and 
remains latent in them throughout their lives, or it is a metabolic product 
which has the somewhat unusual character of being formed by the lesion 
that it induces. While the experiments of Carrel leave the question 
undecided, later experiments by Fischer, Laser and Haagen would seem 
to indicate the greater probability of the latter hypothesis. Fischer, 
and after him Haagen, reported that cultures of chick monocytes in vitro 
which were treated for a number of generations with dilute arsenic 
pentoxide gradually assumed the cultural characteristics of malignant 
cells, and on inoculation into adult fowls set up in them rapidly growing 
sarcomas, like the Rous tumors in respect to transmission by filtrate. 
Laser, using the plasma of a fowl that had been subjected to injections 
of coal tar and cultured monocytes, similarly produced a Rous sarcoiha 
artificial!)’’. With these experiments, too, the results are not constant, 
as was shown by DeFries, who was unable to repeat Laser’s work 
successfully. From the fact, however, that malignancy of the Rous type 
may be induced in tissue cells in vitro, in circumstances that would 
apparently absolutely preclude the possibility of infection, it would 
seem that the filtrable agent would almost certainly be of metabolic 
origin. 

The third possibility as to the character of the agent is that it is of 
the nature of a ferment or enzyme. It has already been stated that 
Fraenkel, who found that it was separable by the methods for the isola- 
tion of ferment, considered that enough similarities exist to place the 
agent in this category, while Nakahara took the opposite view. Haagen, 
discussing the affinity of the agent for monocytes, expressed belief that 
it is a ferment acting largely through reduction of surface tension; 
Duran-Reynals and Murphy found that it could be fixed by the muscle 
tissue of fowls, but not by that of other animals, a behavior suggestive 
of that of ferments; its adsorption by injured or regenerating tissues 
would also be compatible whh that view. Lewis and Michaelis found 
that the range of hydrogen ion concentration that permits action of the 
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agent is similar to that of bacteria, being less restricted than that of 
animal cells, and is compatible with that of ferments. That the agent is 
associated with certain protein constituents has been shown by Sugiura 
and Benedict, who found it in the globulin fraction ; by Fraenkel, who 
would place it in the euglobulins, and by Murphy, who, after concentra- 
tion by cataphoresis about the anode, obtained a nucleoproteid that 
appeared to be the agent itself. It shows a susceptibility to oxidation 
that could well be associated with the character of a ferment, as was 
shown by Murphy and by Fraenkel. Mueller showed that this oxidation 
could be prevented by the addition of dilute cysteine hydrochloride. 

There are some, although much less definite, indications that an 
agency similar to that of the Rous tumor, at least in respect to filtra- 
bility, may play some part in animal tumors. A number of allegedly 
successful attempts at the induction of tumors by means of cancerous 
fluids, or cultures of such fluids, have been cited previously, but most 
of these have been of rather doubtful authenticity. Of more recent 
workers, G)^e based part of his theor}' on his success in producing tumors 
in mice by the inoculation of rabbit serum potassium chloride broth 
cultures of mouse sarcoma, after anaerobic incubation, Sittenfield and 
Johnson’s corroboration of these results was somewhat less successful 
than the work of Gye, but the}'' were able to report the induction of 34 
tumors in 105 attempts, while with the Berkefeld filtrate of the cultures 
they obtained only 6 tumors in 164 attempts. That the positive results 
could not be ascribed to implantation of surviving cells they believed 
could be shown by the small number of tumors that followed the intro- 
duction of the tissue itself after the same period of incubation. Using 
mouse carcinoma tissue, however, in similar experiments, a much smaller 
yield of tumors was obtained — only in 2 of 81 attempts. As already 
stated, similar experiments b)' Haaland were completely unsuccessful; 
Auler and Blumenthal, on the other hand, apparently succeeded in caus- 
ing tumors in rats by the use of edematous fluid from human cancers, 
either with this alone or in combination with the cell-free filtrate of 
lymph glands from cancerous rats — Auler with a total of 3 successes in 
16 attempts, Blumenthal with 3 in 36 attempts. In regard to these 
experiments, those of Sittenfield and Johnson showed a marked dis- 
tinction between the results obtained with the unfiltered, and those with 
the filtered, culture fluids. Dealing more specifically with cell-free fil- 
trates, a number of earlier attempts at the causation of tumors by these 
were completely unsuccessful, as reported by Herzog, Henke and 
Schwarz, Koenigsfeld and Prausnitz, Bayon, Romme and Harde, Koch, 
Pearce and Murphy, Harde and Henri, with tumors of rats, mice or 
rabbits. Morris in 3,000 mice into which the filtrates had been injected 
observed tumor development in only 4 of a limited number of survivors, 
and these in splenectomized animals in which the injection had been 
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accompanied by that of kieselguhr. Gaylord and Simpson, on the other 
hand, reported a small number of rather doubtful successes in the case 
of rat tumors. Rather recent work, however, of Burrows, Bisceglie 
and Erdmann affords evidence that such filtrates may play a part in 
the induction of mammalian tumors. Burrows, working with rats, found 
that in a small proportion of experimental animals in which had been 
implanted embryo tissue of the same descent, after immersion of this 
in the filtrate of the Jensen rat sarcoma, there was a late development 
of sarcoma at the site of implantation. A much greater number showed 
limited proliferation. Bisceglie, working with chick embryonic tissue, 
which was introduced into mature fowls along with the filtrate of mouse 
carcinoma, likewise found that this became sarcomatous, although similar 
attempts in mice gave negative results ; in another series of experiments, 
it was found that if tumor filtrates were injected before the transplanta- 
tion of neoplastic tissue, the malignancy of the latter was greatly 
enhanced. Erdmann found it possible to produce tumors of the Flexner- 
Jobling type in rats in which she injected a filtrate of that tumor after 
blockage of the reticulo-endothelial system by india ink; a few of her 
animals — all were of a strain very susceptible to the tumor experimented 
with — developed sarcomas from the filtrate alone. But results such as 
these, although apparently well established, are on the whole exceptional. 
Shattock and Dudgeon in 1916 reported that adult or fetal tissues of 
the mouse, implanted in adult animals after immersion in cell-free tumor 
extracts, failed to show tumor growth. Rous, experimenting with mixed 
grafts of tumor and embryonic tissue, failed to find any evidence of 
impartation of malignant growth to the latter. Certainly the action of. 
these mammalian filtrates is in little degree comparable to that of the 
Rous type of fowl tumors, and their action appears to be only an occa- 
sional and exceptional feature of mammalian tumors. A much more 
constant effect is that of a temporary stimulation of growth ; the limited 
proliferation observed by Burrows in many of his animals has been 
noted; Drew found that tumor extracts, made during periods of rapid 
tumor growth, stimulate active proliferation of cells in vitro — an effect 
that is not shown by extracts of normal organs except after autolysis ; 
Eggers, studying the action of filtrates from a rapidly growing rat sar- 
coma on independently induced connective tissue growth, found with 
great regularity an enhancement of this, but one of temporary duration. 
There is some evidence that this property is common to all growing 
tissues, as Carnot and Terris found that material derived from fetal or 
regenerating tissues accelerates regeneration. 

One report by Kritschewski and Rubinstein stands in apparent con- 
tradiction to the general findings just’ described. It deals with an 
alleged sarcoma of the rat, developed in response to the injection of 
human melanosarcomatous tissue, and transmissible by filtrate. The 
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findings are so exceptional in several respects, and the photomicrographs 
are so unconvincing as to make their identification of the lesion as neo- 
plastic very doubtful. 

Carcinoma Sarcomatodes ; The cases of carcinoma sarcomatodes, in 
which there appears to be a transfer of malignancy from one cell type to 
another, or the occurrence of two types of malignant growth simultane- 
ously, would suggest the action of some extracellular agent by which 
that transfer is effected. Quite a number of human cases of this sort 
have been reported — by Schlagenhaufer, Herxheimer, Taylor and 
Teacher (6 cases), Reichmann, Lippmann, Lindemann, Leuenberger, 
Schiller and Schmorl (cited by Apolant), and while in some cases, as 
in that of Rothacker, the two malignant growths would appear to have 
originated independently, in many the evidence would at least suggest a 
transmission of malignant characteristics from one type of cell to 
another. There are also fairly frequent instances of similar changes in 
animal tumors, some observed in experimental circumstances. A number 
of mouse or rat tumors, originally carcinomatous, in later generations 
l)ecoming sarcomatous, were reported by Ehrlich, Apolant and Haaland, 
Loeb, Liepmann, Haaland, Stahr, Russell, Woglom, Bashford, and 
Asada and Okabe. An exceptional case of this sort was reported by 
Lewin, in which a rat adenocarcinoma in later generations developed into 
a squamous cell carcinoma, a spindle cell sarcoma and a round cell sar- 
coma. Most usually the change is from carcinoma to sarcoma, but the 
reverse phenomenon has occasionally been observed — by Coenen with 
human material, by Lewin in rats, by Schone in a dog, by Duschl, who 
observed a fibro-adenoma develop at the site of an apparently unsuc- 
cessful transplantation of rat sarcoma, and less certainly by Flexner and 
Jobling, who in a rat tumor originally almost wholly sarcomatous observed 
a later change to adenocarcinoma ; but careful study of the original tumor 
revealed a mixed character there. Nicholson observed the development 
of a small epithelial tumor, apparently cancerous, in the wall of a sinus 
leading to an inoculated sarcoma. 

It is possible that with some of these tumors the change may be more 
apparent than real. Asada and Okabe, in the case of the mouse tumor 
referred to in the foregoing paragraph, in which there was this apparent 
transfer of malignanc}'- from epithelial to connective tissue, believed that 
the change was really only one of appearance in the epithelial cells, and 
Wail reported similar observations. But that this is not universally true 
is indicated not only by the careful morphologic studies of some of the 
experimental tumors of this type, but as well by such cases as that 
studied by Lewin, in which there is a series of changes too great to be 
reasonably explained by variation in cell form alone. 

Comment , — ^Viewing the question of parasitism as a possible cause 
of cancer from the intrinsic evidence alone, without reference to the 
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relations of malignancy to chronic irritation, it would seem to be rather 
well established that all the work done in the search for a specifically 
causative parasite has been largely a chase after the will-o-the-wisp. 
None of the alleged parasites reported so hopefully has withstood the 
test of critical reinvestigation. It is equally well established, however, 
that parasitism, albeit nonspecific, may cause cancer, as with the several 
cancer-causing helminths. To what extent their action in inducing 
malignant growth is to be sought in their effects as chronic irritants, to 
vdiat extent their action is even more obscure, are questions to which 
there is as yet no answer. 

There can be little doubt that there is an agency, capable of release 
from the cell, which in suitable conditions is capable of inciting malig- 
nant groAvth. Definitely present in a number of fowl tumors, it has 
been studied there in some detail, although as yet the knowledge of its 
exact character is far from clear. The preponderating evidence would 
seem to indicate that it is not an independent form of life, nor in that 
sense a living organism ; but to view it as a product of cellular metab- 
olism, which can in turn excite the metabolic reactions that give rise 
to it, does little to enlighten one as to what it really is. Some hints there 
are that a somewhat similar agent may play a part in at least some 
mammalian tumors and possibly in the tumefacient bacteria; but here 
even the evidence of the existence of such an agent is relatively slight, 
and to what extent it will be found similar to the Rous type of virus 
can only be conjectured. 

In spite of the evidence that parasites of one kind or another may 
cause cancer, there is little to indicate that such parasitism plays a large 
part in the causation of human tumors. The helminth and other gross 
animal parasites only occasionally play a role here. In regard to the 
tumefacient bacteria, one cannot speak so confidently. But that those 
organisms are to be looked at as common carriers of malignancy from 
. one individual to another would appear to be almost entirely impossible ; 
even their discoverers found them in less than half of the tumors they 
examined ; their power to induce malignant growth appears to be capri- 
cious; and in spite of the numerous instances in medical literature of 
apparent transmission of cancer from one individual to another, tliose 
instances are the exceptions rather than the rule, and are most certainly 
contrary to the usual facts. 

University of Nebraska College of Medicine. 



Notes and News 


University News, Appointments, Promotions, Resignations, etc. — ^John 
Glaister, Jr., professor of forensic medicine in the University of Egypt, has been 
appointed to the chair of forensic medicine in the University of Glasgow, now 
occupied bj' his father. 

Sydnej'^ C. Dolrimple has been appointed instructor in pathology in Tufts 
College, Boston. 

Dudley A. Robnett has resigned as assistant professor of pathology in the 
University of Missouri. 

Clarence G. Pflaum, instructor in pathology in the University of Minnesota, has 
been appointed assistant professor of pathology in the University of Missouri. 

In the University of Pennsylvania Stuart Aludd has been promoted to associate 
professor of bacteriology. 

Slikh Poloyes has been promoted to assistant professor in pathology in the 
Long Island College of Medicine. 

The twenty-fifth anniversary of Walter B. Cannon’s professorship of physiology 
in Harvard University was celebrated on October 15 by public exercises at which 
a portrait of Dr. Cannon was presented to the school. 

Howard T. Karsner, professor of pathology in Western Reserve University, 
succeeds the late Aldred S. Warthin as member of the council on physical therapy 
of the American Aledical Association. 

In the University of Texas Ellen D. Furcy has been appointed adjutant pro- 
fessor of pathology in place of Harry L. Klotz, and John F. Hilcher has been 
appointed instructor in pathologJ^ 

In the Woman’s College of Philadelphia S. Brandt Rose has been appointed 
professor of bacteriology. 

It is reported that Otto Warburg of the Kaiser Wilhelm' Institute for Biology 
in Berlin has been awarded the Nobel Prize in medicine and ph 3 ’^siologj’ for 1931 
for his work on the mechanism of oxidation in the living cell. 

The National Research Council has given Paul E. Steiner a medical fellow- 
ship for work in pathology. 

Society News. — The Society of American Bacteriologists will hold its annual 
meeting in Baltimore, Dec. 28 to 30, 1931. In the general scientific session a ' 
series of papers will be presented on “Bacterial Dissociation and Life Cycles.’’ 
The topics for discussion in the section on medical bacteriology and immunology 
include hemolytic streptococci, meningococcus and the immunologic aspects of 
epidemic poliomyelitis and typhus fever. 

Commemoration of Discovery of Tubercle Bacillus. — The fiftieth 
anniversary of the discovery of the tubercle bacillus b}'" Robert Koch, Alarch 24, 
1882, will be commemorated by suitable ceremonies in Berlin from Alay 17 to 20, 
1932. 

Medical Fellowship Board, National Research Council, Meets in 
March. — The next meeting of the medical fellowship board of the National 
Research Council will be held in the latter part of March, 1932, and applications 
to receive consideration at that time should be filed not later than Februarj'- IS ne.xt. 

The Biological Photographic Association. — ^An organization by this name 
has been formed to promote the use of photography in its various forms as aid 
to biologic research and medical observation and record. The president is Ralph 
P. Creer, director of photographj’' in the school of medicine of Yale University, 
and the secretarj'^ is Theodore Nelcej'^ of the same school. 
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Experimental Pathology and Pathologic Physiology 

Experimental Nephrotic Edema. Louis Leiter, Arch. Int. Med. 48:1, 1931. 

Edema has been regularly produced in dogs by adequate plasmapheresis and 
the resulting reduction in the plasma proteins. The critical level of edema of the 
plasma proteins is about 3 per cent. An interruption of the depletion of the plasma 
is followed by an immediate increase in the plasma proteins and an equally rapid 
disappearance of the edema by diuresis. The disturbance in the water balance 
seems to be largely a temporary upset in the normal equilibrium between the 
capillary hydrostatic or filtration forces and the plasma protein osmotic or 
reabsorption forces. It is not primarily dependent on cardiac, renal or capillary 
permeability factors. This experimental, edema is nephrotic, as demonstrated, for 
the first time, by actual quantitative analysis of the protein content of the transu- 
dates. The low protein content lies exactly within the range of that of the edema 
fluids of clinical nephrosis and is essentially of the same order of magnitude as the 
concentration of protein in normal cerebrospinal fluid and of that in other ultra- 
filtrates of the plasma. The study of the regeneration of the plasma proteins in 
the depleted dogs has confirmed the earlier work of Whipple and his associates, 
whjch showed that globulin was reformed faster than albumin. The blood 
cholesterol tended to decrease during vigorous plasmapheresis. With cessation 
of bleeding, the cholesterol usually rose, occasionally to values considerably above 
normal. This was, however, only a temporary phenomenon and was in no way 
suggestive of the hypercholesteremia of the nephrotic syndrome in man. Histo- 
logic study of the kidneys in these experiments has failed to produce any clearcut 
evidence to support the contention of Barker and Kirk that hypoproteinemia leads 
to contracted kidneys. In fact, the observations in the control experiments and 
other facts reported seem to lead directly to the conclusion that Barker and Kirk 
have erred in two directions : First, they have overlooked the possibility and 
the frequency of “spontaneous” contracted kidneys in dogs. Second, they have 
apparently failed to realize the lack of essential resemblance between the so-called 
renal lesions of plasmapheresis and the histologic changes in the kidneys of patients 
with so-called nephrosis. In view of this confusion, it becomes evident that 
experimental nephrotic edema in dogs is not quite the same as ‘‘e.xperimental 
nephrosis.” Experimental nephrosis has not yet been produced. The role of 
starvation, of the administration of salt and water by stomach tube and of certain 
other factors in the experimental procedure has been controlled to a certain degree. 
The relation between experimental nephrotic edema and other experimental and 
clinical edemas has been discussed. In collaboration with Dr. I. S. Falk, we have 
presented the first published data on the protein content of the plasma and of the 
edema fluid in a “spontaneous” nephrotic edema occurring in a monkey. 

Author’s Summary. 


Nephrosclerosis. ■ Phillip F. Shapiro, Arch. Int. Med. 48:199, 1931. 

There is no fundamental difference in the pathogenesis of benign and malignant 
nephrosclerosis, whatever their respective etiologies may be. Both depend how- 
ever, not on glomerular ischemia or on arteriolar occlusion, but on a hyperemia 
associated with a retardation of flow. This conclusion was suggested by a histo- 
ogic study, checked by a series of experimental injections. The retardation is 
based on a neurogenic dissociation in reaction between arterial constriction and 
peripheral dilatation. The changes that follow are analyzed on the basis of 
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Ricker’s views on renal hemodynamics. Moderate retardation leads slowly to 
the organic changes of benign nephrosclerosis. Severe retardation rapidly induces 
the pathologic changes of malignant nephrosclerosis and terminates in uremia. 
Malignant nephrosclerosis is therefore accepted simply as an “atherosclerosis 
renum accelerata gravis.” Authok’s Summary. 


The Role of the Pyloric Sphincter in the Control of Gastric Acidity. 

R. Elman and A. P. Rowlette, Arch. Surg. 22:426, 1931. 

When the pyloric sphincter is sectioned, a fall in gastric acidity follows. There 
is also an increase in emptying time. This would indicate that the pylorus 
exercises control over gastric acidity by controlling the reflux. 

N. Enzer. 

Gallbladder Function. I. S. Ravdin and J. L. Morrison, Arch. Surg. 

22:810, 1931. 

The authors detected rhythmic contractions of the gallbladder in the dog, 
guinea-pig and monkej'. On one occasion, contractions of the human gallbladder 
were noted. Some of the constituents of bile are found in the pericholecystic 
lymphatics, but not all of the constituents. The conclusion is that concentrated 
bile leaves the gallbladder by the cystic duct. 


The Effect of Supranormal Temperatures on Tissue Cultures. G. 
PiNCUs and A. Fischer, J. Exper. Med. 54:323, 1931, 

In a study of the growth of chicken osteoblasts in cultures exposed to supra- 
normal temperatures of 42, 44, 47, 50 and 52 C., it has been observed that there is 
no lethal effect after prolonged exposures at 42 and 44 C. Cultures are killed 
after an exposure of 105 minutes at 47 C., of 6 minutes at SO C. and of 3.5 minutes 
at 52 C. A* definite inhibition of growth occurs after different exposures at all 
temperatures from 44 C. onward. There is a latent period of approximately 24 
hours before any effect of sublethal or just lethal exposures becomes discernible; 
this latent period appears to be independent of the duration of the sublethal 
exposure and of the temperature. The high temperature coefficients for lethal 
exposures and for exposures just sufficient to inhibit growth indicate an under- 
lying “destructive” process in the cells of the culture. 

Authors’ Summary. 

Is THE Rat Dermatitis Consequent on Vitamin B^fG) Deficiency True 
Pellagra? S. S. Gurin and W, H, Eddy, J. Exper. Med. 54:421, 1931. 

Isolated cases of dermatitis resembling histologically that of human pellagra 
have occurred in rats supplied with sufficient vitamin BafG) in the form of beef 
extract or neutral autoclaved yeast to produce good growth. In other rats on 
basal diets containing similarly prepared nutrients, but deprived of any known 
source of vitamin B 2 (G), a dermatitis develops similar in appearance to that 
described by other workers, but this skin effect differs in the histologic picture 
from that found in human pellagra or that found in black tongue of dogs. These 
rats showed failure of growth, which supports the view that they lacked growth- 
promoting vitamin BaCG). It is suggested that dermatitis in rats may be of diverse 
types: one resulting from vitamin B-fG) deficiency and quite different histologic- 
ally from human pellagra, and one closely allied to human pellagra and black 
tongue of dogs due to lack of some at present unidentified factor. 

Authors’ Summary. ' 
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The Lipolytic Activity of Tissues of Tuberculous Guinea-Pigs. F. C. 

Happold and A. Taylor. Brit. J. Exper. Path. 12:272, 1931. 

The lipolytic activity of the liver, lung and. kidney tissues of twenty-six normal 
guinea-pigs was studied. There was no pronounced difference between the 
sexes. A further series of twenty-four animals that were kept in the dark, one- 
half receiving ultraviolet radiation from a mercury vapor lamp, were similarly 
studied. No progressive change was apparent in either group as compared with 
the normal. A series of forty guinea-pigs were inoculated with suspensions from 
the same strain of tubercle bacilli. Twenty-eight were infected at the first attempt, 
and nine showed no sign of disease post mortem. The infected animals were 
killed at different stages of the disease. There was a definite sustained decrease 
in the lipolytic activity of the kidney tissues as the disease spread. In the liver 
there was an early pronounced drop in lipolytic activity, a partial recovery during 
the period of early tubercle formation in the organ, and a final sinking away. 
The extent of this late decrease was probably more apparent than real. The 
lung tissues, however, showed a definite progressive increase in lipolytic activity, 
which still revealed an upward tendency during the period of early pulmonary 
involvement. Authors’ Summary. , 


The Significance of Tissue Culture for Pathologic Physiology. A. 
Fischer, Verhandl. d. deutsch. path. Gesellsch. 26:67, 1931. 


Tissue culture permits one to study the functions of the living cells in vitro. 
By the isolation and cultivation of cells that constitute diseased tissue the various 
disease processes may be better understood than by histologic methods. 

In the study of infectious diseases, tissue culture is extremely valuable for 
analyzing the reaction of cells and body fluids against bacteria. More important 
still is the possibility of cultivating ultravisible virus together, with living cells. 
Many viruses are not living organisms, but substances produced by tissue cells 
or blood cells; it is apparently impossible to cultivate a virus in dead material. 
Carrel cultures of chick embryo tissue, when inoculated with from 25 to 250 units 
of the virus of variola, will yield from 10,000 to 100,000 units in one week. The 
virus of Rous’ chicken sarcoma can be cultivated for an unlimited jperiod of time 
with embryonic chicken tissue. The cultivation of virus in pure cultures of tissue 
cells will open a new field for the study of the nature of viruses, whether they 
are micro-organisms or organic substances. 


After the microscopic, bacteriologic and experimental era of the study of cancer, 
tissue culture is at present the most promising method of approaching the unsolved 
problems. The existence of a specific cancer cell is proved by the tissue culture, 
since cells isolated from different carcinomas and sarcomas and cultivated in pure 
cultures preserve their malignant properties and produce malignant tumors after 
transplantation into animals. In carcinoma as well as in sarcoma the malignancy 
is dependent on one cell type and there is no proof that other cells (macrophages') 
are necessary for the activation of the malignant principle. 

Several characteristics of cancer cells in vitro help to explain the unlimited pro- 
liferation of malignant cells in the body. Cancer cells proliferate well in pure 
plasma or serum, while normal cells cease to grow under these conditions. The 
growth of malignant cells is activated when normal tissue cells are added to the 
culture. The normal tissue is invaded in vitro by the cancer cells and finally is 
destroyed. Under optimal conditions, cancer tissue grows more slowly than 
normal tissue, but the incidence of mitoses in cultures of carcinoma is ten times 
higher than in the- culture of normal cells. This is explained by the fact that 
the average duration of life of cancer cells is extremely short. The death of 
cancer cells is compensated by increased proliferation of adjacent cells The 
mechanism of tumor growth seems to be the same as that of re<reneration Bv 

trnSi ^ cells can be stimulated to abundant 

grouth, even if embryonic extract is omitted. The greater vulnerabilitv of cancer 
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cells can be easily demonstrated in vitro; the cause of it is, however, unknown. 

The unlimited proliferation of tumor cells in the body is regarded by Fischer 

as a physiologic sequel of the \Tjlnerability and the short life of cancer cells, 

and it resembles the regenerative processes following mechanical injuries of normal 

cells in tissue cultures. r' -u- 

C. Alexander Hellwig. 


Influence of Chemical Substances on Cells in Tissue Culture. F. 

Demutii, Verhandl. d. deutsch. path. Gesellsch. 26:95, 1931. 

Different chemical substances were added to tissue cultures in isotonic solu- 
tions, and their influence on the size of the cells and the nuclei and on the intensity 
of the growth was studied. More than 7,000 cells were measured. Calcium 
chloride does not change the size of the culture area, but causes a marked decrease 
in the size of the cells and a le^er decrease in that of the nucleus. Sodium bicar- 
bonate, when added to calcium chloride, inhibits the calcium effect, while carbon 
dioxide increases it. Hydrogen ions decrease the size of the cells and that of the 
nuclei, while hydroxyl ions enlarge the size of the cells and enlarge less that of the 
nuclei. The hydroxyl ions inhibit the growth of normal, but not that of car- 
cinomatous, tissues. IManosodium acid phosphate reduces the size of the nuclei and 
that of the cells. Disodium acid phosphate enlarges the normal cells, but decreases 
the size of carcinoma cells. Potassium enlarges only the cancer cells and inhibits 
the growth of normal and malignant epithelial cells. Sodium bicarbonate interferes 
with the growth of carcinoma tissue and enlarges carcinoma cells. Magnesium 
causes changes only in the cell structure. Lactic acid is without anj' noticeable 
effect. Dextrose in higher concentration is detrimental to normal tissue, but 
stimulates the growth of carcinoma tissue, and enlarges cancer cells. Collargol 
decreases th*e size of fibroblasts, but not that of epithelial cells. Copper sulphate 
reduces the sizes of all kinds of cells, but inhibits the growth only of carcinoma 
tissue under certain conditions. Medium concentrations of heavy metals are often 
more effective than higher ones. Alexander Hellwig. 


Experimental Ergosterol Poisoning. M. Haendel and J. Malet, Virchows 
Arch. f. path. Anat. 276:1, 1930. 


The administration of irradiated ergosterol to rabbits and guinea-pigs caused 
cachexia that was associated with cholesteremia and with lipoid infiltration of 
the organs. The tissue changes were more’ marked in castrated than in normal 
animals. The toxic action of irradiated ergosterol is the same as that of 


cholesterol. 


W. Saphir, 


Pathologic Anatomy 

The Degeneiuation of Articular Cartilage in Bovine Joints. G. A. 

Bennett and W. Bauer, Am. J. Path. 7:399, 1931. 

Constant differences in the synovial fluid of the carpometacarpal and astrag- 
alotibial articulations of the cow have been described in a previous publication. 
The finding of areas of degeneration in the articular cartilages of the carpometa- 
carpal articulations of all cattle over 2 years of age would appear to be an adequate 
explanation of these differences. These areas of progressive degeneration in 
articular cartilage have been studied systematically, and the successive changes 
have been described and illustrated. The development of the carpometacarpal 
articulations was studied in a series of bovine embryos and calves. The vascular 
articular cartilages of embryos and calves became avascular before the animals 
attained the age of 2 years. Pronounced rearrangement of the subchondral bone 
trabeculae resulted in a relatively deficient boiw support of the medial articular 
cartilage where the degenerative lesions occur. The possible etiologic factors of 
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such lesions of cartilage have been discussed. It was concluded that they were 
probably due to repeated trauma in weakly constructed articulations. Deficient 
subchondral bone support was thought to be an important predisposing factor. The 
type of lesion of cartilage described in this paper is not wholly similar to any of 
the joint lesions described in human arthritis. Authors’ Summary. 


The Induced Development and Histogenesis of Plasma Cells. F. R. 

Miller, J. Exper. Med. 54:333, 1931. 

As the result of finding numerous plasma cells in the omenta of rabbits that 
had received injections of tuberculoprotein, a method to induce the production 
of large numbers of these cells has been discovered. The tissues in which they 
were pronouncedl}’’ increased were the subserosal connective tissues of the omentum, 
body wall and intestinal wall. The precursor of the plasma cells is a primitive- 
connective tissue cell. As this cell develops into the typical Marshalko plasma 
cell there is a progressive increase in the basophilia of the cytoplasm, the nucleus 
becomes eccentric, a condensation of the chromatin occurs near the nuclear mem- 
brane, and there is a loss of the nucleoli. At the time when the nucleus assumes 
the eccentric position, the clear area appears in the center of the cytoplasm. The 
early cells are capable of reproducing themselves by mitosis, while the typical 
mature cells divide by amitosis. The mature plasma cells often have muddy, 
spongy cytoplasm, which contains acidophilic or hyaline granules, as the cells 
grow old or begin to degenerate. The cells with granules or hyaline bodies usually 
have pyknotic or fragmented nuclei. These cells are the final stage reached by 
some plasma cells. Others, when degenerating, show vacuoles and signs of senility. 
Those with the granules and hyaline bodies are the so-called Russell body cells. 
Plasma cells developed in greatest numbers after the largest injections of tuberculo- 
protein. The differentiation into young, mature and senile forms was- most clearly 
recognizable when some days had been allowed to elapse after the last large 
injection of the stimulating agent. A description of the plasma cell as viewed 
supravitally has been given. The cells are met with in the blood stream as well 
as in the tissues. They are characterized by their deep yellowish -gray cytoplasm, 
indistinct, eccentrically placed nuclei and large numbers of mitochondria. The 
plasma cells differ from lymphocytes, in that they do not develop in large numbers 
after direct stimulation of the lymph nodes with tuberculoprotein. The young 
plasma cells also differ in morphology from the young lymphocytes. When plasma 
cells were found in the lymph nodes, they were in the connective tissue cords. 
The plasma cell is a definite entity, having a maturation cycle. It is stimulated 
to great proliferation by certain toxic irritants. Author’s Summary. 


The Histopathology of Nutritional Encephalomalacia of Chicks. 

A. Wolf and A. M. Pappenheimer, J. Exper. Med. 54:399, 1931. 

Whatever may be the nature of the nutritive error or deficiency that in chicks 
is responsible for encephalomalacia, the immediate cause must be looked for in 
some agent or condition that impairs the capillary circulation of the brain. The 
essential lesion is an ischemic necrosis, followed, if the animal survives, by 
reparative organization of the dead tissue. , 

Authors Summary. 


The Morphologv of the So-Called Argentaffine Cells in the Pancreas 
J. M. Lasowsky, Frankfurt. Ztschr. f. Path. 41:1, 1931. = 

This article deals with the demonstration of argentaffine cells in the pancreas 
of the_ dog under various conditions. The argentaffine cells show no affinitv to 
chromic salts. The pancreas of the normal animal always contains argentaffine 
cells, which under normal circumstances do not vary in number. Secretin and 
pilocarpine, however, injected into dogs intravenously and intramuscularlv respec- 
tively. led to an increase of the argentaffine cells. Because of the similarity of 
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the secreting cells within the pancreas and the argentaffine cells, it is possible 
that they are related genetically. In atrophic conditions of the pancreas, the 
number of the argentaffine cells is markedly increased, owing to a transformation 
of the atrophic parenchymal cells into argentaffine cells. Because of the facts 
that the atrophic gland showed no islands of Langerhans and that there was no 
change in the carbohydrate metabolism, the author assumes that the dying cells 
of the islands are compensated for by argentaffine cells. Otto Sapiiir 


Lipoid Cell Hyperplaslv of the Spleen. H. Wille-Baumkauff, Frankfurt. 

Ztschr. f. Path. 41:14, 1931. 

Lipoid cell hyperplasia of the spleen is found in cases of marked jaundice 
due to compression or occlusion of the common duct, as well as in cases of diabetic 
lipemia and in arteriosclerosis. The principal cause of the changes in the spleen 
is an increase of lipoids in the circulating blood. The storage of lipoid substance 
occurs to the greatest e.xtent within the spleen. Some authors believe that there 
is also a moderate in%'olvement of the reticulum cells in the bone marrow and the 
mesenteric lymph nodes and of the Kupffer cells in the liver. Cases in which an 
enlargement of the spleen and marked morphologic changes in the organ are shown 
must be differentiated from those in which this organ contains only a moderate 
number of fat-containing or lipoid-containing cells. Ope should distinguish, there- 
fore, between (1) cases in which there are only a few lipoid cells in the spleen 
(probably a frequent finding) ; (2) those in which there is lipoid cell hyperplasia 
(W, H. Schultze) and sometimes a large splenic tumor, and (3) cases of Niemann- 
Pick’s disease and Gaucher’s disease. Author’s Summary. 

The Pathologic Anatomy of Gaucher’s Disease. A. Antonow, Frankfurt. 

Ztschr. f. Path. 41:26, 1931. 

Eight cases of Gaucher’s disease arc reported. The opinion is expressed that 
the Gaucher cells arise from the reticulum cells in the spleen, lymph node and 
bone marrow and from the adventitial elements of the fine blood vessels within 
the liver and lymph nodes. The Gaucher cells in the liver are found at first in 
the region surrounding the central vein and later in the periphery of the hepatic 
lobule. It is not impossible that Gaucher cells in the liver may also be derived 
from the hepatic cells. Young forms of Gaucher cells in the bone marrow have 
an iron-containing pigment, which later disappears. Gaucher’s disease is an 
expression of a metabolic disorder combined with a storage of a special cerebroside- 
cerasin within the adventitial cells of the spleen, liver, lymph nodes and bone 
marrow. The author believes that the occurrence of Gaucher cells not only in 
these organs, but also in other organs, such as the tonsils, thymus, lung, sufira- 
renals, etc., is proved. Saphir. 


The Pathologic Anatomy of Multilocui.ar Echinococcus Cyst in the 
Liver. A. Posselt, Frankfurt. Ztschr. f. Path. 41:45, 1931. 


In a large series of cases, the gross morbid anatomy of the multilocular 
echinococcus cyst in the liver is described. The author believes that the term 
“multilocularis” gives an erroneous conception, and prefers the term “alveolaris.” 
The paper goes into many detailed descriptions which cannot be covered by 
abstract. Otto Saphir. 


The Changes of the Arteries in Increasing Age. A. M. Troitzkata- 
Andreewa, Frankfurt. Ztschr. f. Path. 41:120, 1931. 

The arteries of the elastic type reveal very early many coarse collagenous fibers. 
These are found in the media, are circular in distribution, and show anastomoses. 
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With increasing age, they become thicker and also more numerous. The arteries 
of the muscular type show, at first, only a few fine collagenous fibers between 
the muscle elements; later, however, the fibers become thicker and increase in 
number. The arteries of the elastic type reveal a decrease in the muscle elements 
in old age. Through the increase of the collagenous fibers, the regular arrange- 
ment of the muscle fibers is disturbed. The collagenous fibers in both types of 
arteries become indistinctly stained with increasing age. Their outlines are vague. 
This change is spoken of as “h}'alinosis” (Voigt). There is no relation between 
arteriosclerotic intimal changes and the proliferation of collagenous fibers in the 
media. On account of the lack of clinical data, nothing can be said as to a possible 
relationship between the changes described in the arteries and changes in the 
blood pressure. Qtto Saphir. 


Pathologic Chemistry and Physics 

Chemistry of the Blood in Thrombo-Angiitis Obliterans (Buerger). ACae 
Friedlander and Samuel Silbert, Arch. Int. Ated. 48:500, 1931. 

A chemical analysis of the blood of forty patients with thrombo-angiitis 
obliterans was made to determine the total ash, total protein, calcium, phosphorus, 
chloride, sugar and cholesterol content. Increases in the total ash, total protein, 
calcium and chplesterol content were noted. No striking abnormalities were found 
in the values determined for chlorides and sugar. Tests for tolerance of sugar gave 
normal results. The conclusion that there is a tendency to concentration of the blood 
in thrombo-angiitis obliterans seems warranted. Authors’ Summary 


Proteolytic Activity of the Spleen. A. Strauss, Beitr. z, path. Anat. u. z. 
allg. Path. 85:251, 1930. 

The proteolytic activity of spleen pulp was determined by subjecting Loeffler 
blood serum plates to the action of the pulp placed on the surface of the coagulated 
serum with a standard loop; A relative quantitative estimate of the proteolytic 
activity was obtained by noting the time at which evidence of digestion could 
first be detected and the depth of the digested area. The reaction optima were 
found to be pn 8 and pn 5, proteolysis being somewhat more active at the more 
alkaline reaction. Splenic tissue was lytic also for coagulated egg white and 
gelatin. Proteolytic activity varies somewhat with the time after death at which 
the spleen is removed. It begins to increase about two hours after death and 
reaches a maximum from one to three days after death. The maximum activity 
is dependent on the initial enzyme content of the tissue at the time of death, rather 
than on the time after death. The object of the study was to find an explanation 
of the softening that occurs in the enlarged spleen of acute infections, and that is 
sometimes seen in the enlarged spleen following acute hemorrhage. The pro- 
teolytic activity of the spleen lies at the upper limit of normal in the early stages 
of septic swelling and reaches its maximum in the fully developed acute splenic 
tumor. It is highest just before the softening of the swollen spleen occurs. The 
softening is therefore apparently due to autolysis of the pulp by proteolytic 
enzymes. As the splenic tissue again becomes more firm, the proteolytic activity 
of the tissue returns to normal limits. The swollen posthemorrhagic spleen is also 
more proteolytic than normal, but the increase is not as great as in the septic 
spleen. The tissue of the spleens of children from 3 to 5 vears of age and of the 
indurated and atrophic adult spleen exhibited no increase in proteolysis suggestinc ' 
that the structure of the spleen is a factor in the process. Proteolytic activity is 
ascribed to the enzymes derived from leukocytes contained in the splenic puin 
These enzymes are activated by the blood serum and perhaps also by autolvtic 
and bacterial products. That leukocytes are necessary is established bv the fact 
that the spleens of animals and of children, which contain few or no ieukoevtes 
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and tlie spleen in a case of agranulocytosis had little proteolytic activity. Absence 
of proteolysis in the spleen in myeloid leukemia is cited as evidence for the 
necessity of activation of the leukocytic enzymes. Failure of the spleen to enlarge 
and soften in acute peritonitis is ascribed to a possible fillrative action of the liver. 

O. T. Schultz. 


The OccuRRiiNCE of Insulin in Urine. K. Ueberrack and T. Zell, Biochem. 
Ztschr. 239:42, 1931. 


Insulin added to urine can be demonstrated in experiments. The urine of 
insulin-resistant patients and of diabetic patients given too much insulin docs not 


contain insulin. 


WiLiiELJi C. Hueper. 


Copper in Human and Bovine AIilk. S. G. Zondek and M. Bandmann, Klin. 

Wchnschr. 10:1528, 1931. 

The copper content of woman’s milk is on the average three times as great as 
that of cow’s milk (from 0.5 to 0.6 mg. as contrasted with from 0.15 to 0.2 mg. 
per liter). Formula mixtures of cow’s milk for infants* are also low in copper 
content and differ little in this respect from the undiluted cow’s milk. The 
difference in copper content in cow’s and woman’s milk is about 0.4 mg. per liter. 
In formula feeding, copper should be added. Authors’ Summary. 

Determination of Nonprotein Nitrogen by Direct Nesslerization. A. 

Lublin, Ztschr. f. phys. Chem. 200:1, 1931. 

The turbidity sometimes appearing after the addition of Nessler’s reagent to 
the ashed material (Folin’s method) is due to a reaction of the reagent with 
copper sulphate and the sodium tungstate used for the deproteinization. As this 
turbidity interferes with the colorimetric reading, the following modification in 
procedure is recommended : The copper sulphate maj' be replaced by a few drops 
of hydrogen dioxide and the Folin-Wu reagent by 20 per cent trichloracetic acid, 
which latter can also be used for oxalalcd blood (from 1.5 to 5 cc.). For the 
ammonium sulphate solution used as standard, a urea standard solution is sub- 
stituted. The urea solution, however, must also be ashed. About ten minutes 
are required for the determination of nonprotcin nitrogen with this method. 

William C. Hueper. 


Oxalic Acid in Blood. W. Mey and S. Mangeri, Ztschr. f. phys. Chem. 200: 
31, 1931. 


A method for the determination of oxalic acid in blood is described. The 
error range of the method is 4 per cent. Human blood contains 3 mg. per hundred 
cubic centimeters oxalic acid ; rabbits and horse blood, from 6 to 9 mg. per hundred 
cubic centimeters. Wilhelm C. Hueper. 


Nonprotein Sulphur in Blood, Plasma and Serum and Glutathione 
Sulphur in Blood. J. St, Lorant, N. Hajdis and W. Weil, Ztschr. f. 
phys. Chem. 200:121, 1931. 


Tunnicliffe’s method for the determination of glutathione is unreliable. There- 
fore it was attempted to estimate glutathione indirectly through determinations of 
sulphur in total blood, plasma and serum. The sulphur content of plasma or of 
serum is practically constant in healthy persons (2.5 mg. per hundred cubic centi- 
meters). Caro’s reaction was used. In total blood, the sulphur content ranges 
between 6.11 and 7.30 mg. per hundred cubic centimeters. Glutathione sulphur 
is calculated from these figures to be between 5.42 and 4.30 mg. per hundred cubic 
centimeters in men and between 5.30 and 4.30 mg. per hundred cubic centimeters 
in women or an average of 4.86 and 4.80 mg. per hundred cubic centimeters, 
respectively. Wilhelm C. Hueper. 
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Microbiology and Parasitology 

Tubercle Bacilli in Children with Erythema Nodosum. Arvid Wall- 
GREN, Am. J. Dis. Child. 41:816, 1931. 

Children with erythema nodosum who give positive tuberculin reactions often, 
excrete tubercle bacilli. This proves that the enlarged hilar shadows in the 
children giving the positive reactions are of tuberculous etiology, and that the 
children really are suffering from tuberculosis ; this ought to be regarded as an 
argument in favor of the tuberculous nature of the erythema. At the same time, 
these researches yield the valuable information that children with erythema nodosum 
are often spreaders of infection, and that other children ought to be protected 
from contamination by them. Children with erythema nodosum should not go 
to school for a certain length of time after the disease has developed, and if they 
are admitted to a hospital they should be isolated. Author’s Summary. 


Meningitis Due to Bacillus Acidi-Lactici in a New-Born Infant. Harry 
D. Pasachoff, Am. J. Dis. Child. 41:862, 1931. 

A case of meningitis caused by Bacillus acidi-lactici in a new-born infant .is 
reported. A review of the literature shows that only three cases due to this 
organism have previously been reported, two in new-born infants and one in an 
adult. Some of the possible modes of entry of the infection are considered. 

Author’s Summary. 

The Blood Picture in Whooping Cough. L. W. Sauer and L. Hambrecht, 
Am. J. Dis. Child. 41:1327, 1931. 

After initial and terminal leukopenia had been noted in the pertussis cycle, the 
protocols of our experimental pertussis in 3 'oung monkeys were examined. Five 
of the seven animals in which paroxysmal coughs developed showed an initial 
leukopenia, and three of the four that were not killed for histologic study showed a 
terminal leukopenia. This evidence is further proof that the coughs of the animals 
were due to infection with Bacillus pertussis. The blood picture is seldom an aid 
in early diagnosis. Initial leukopenia and terminal leukopenia are probably integral 
parts of the blood picture in pertussis. Leukocjdosis and lymphocytosis are usually 
present when the paroxysmal stage is well established. 

Authors’ Summary. 


A Chemical View of the Pathogenesis of Tuberculosis. Esmond R. 

Long, Am, Rev. Tuberc. 22:467, 1930. 

The first element in the pathogenesis of tuberculosis is the capacity of the 
bacillus to multiply in the physical and chemical environments of the tissues of 
the host. The growth requirements of the tubercle bacillus in artificial culture 
are \vell known. Its water relations, respiration and dependence on gljxerol are 
distinctive. In general, animal tissues are well adapted to meet these requirements 
of growth. The reactions and the carbon dioxide production of the tissues may 
reach an inhibiting degree. The availability of glyce’rol may be a factor. Modify- 
ing the glycerol content of tissues artificially has a profound effect on growth 
m experimental tuberculosis. Growth in the animal bodv is usually intracellular 
Its rapidity depends on the animal. Intense initial ce’llular response does not 
tend to check subsequent progression of the disease. Native immunity in man or 
animals appears to depend on the capacity of tubercle bacilli to multiply in the 
cells of the host infected Acquired immunity probably depends on a similar factor 
and IS usually associated with hypersensitiveness. The latter feature profoundly 
affects the anatomic character. The manifestations of hypersensitiveness are a 
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response to the proteins of the tubercle bacillus. The necrosis of the tubercle and 
the acute cellular responses of tuberculosis are largely protein effects. The lipoids 
are responsible for much of the cellular response in its initial and chronic 
manifestations. , ^ 


Anatomical Characteristics of Tuberculosis in Jamaica. Eugene L. Opie, 
Am. Rev. Tuberc. 22:613, 1930. 

A small group of autopsies made on persons of the Negro race in Jamaica 
are described because they furnish anatomic evidence of the acute character of the 
pulmonary tuberculosis prevalent in Jamaica. Observations made on dispensary 
patients showed that the average duration of the disease in Jamaica, as elsewhere, 


varies with .the age at death. 


H. J. CORPER. 


The Effect on Growth of the Tubercle Bacillus of Modification of 
THE Amount of Glycerol in the Tissues. Esmond R. Long and Arthur 
J. VoRWALD, Am. Rev. Tuberc. 22:636, 1930. 

An attempt was made to apply the knowledge of the nutrition of the tubercle 
bacillus in laborator}’^ culture to the growth of the micro-organism and the spread 
of tuberculosis in animals. Glycerol, fed or injected over long periods of time 
into tuberculous rats, appeared definitely to enhance the growth of tubercle bacilli 
in lesions, and to increase the extent of the disease, reproducing to some extent in 
vivo the conditions of growth in vitro. In the attempt to produce the opposite 
effect, a reduction of the amount of free glycerol available for bacillary growth 
in animal tissues, palmitic acid was administered in the largest amounts tolerated 
by the animal of the experiment, the theory being that an excess of fatty acid in 
the body would force a synthesis of some of the free glycerol present with the 
fatty acid administered, to form neutral fat, which does not support the growth 
of the tubercle bacillus. The results were not consistent, but in the majority of 
cases the extent of tuberculosis was less in the animals treated with palmitic acid 
than in the controls. The fatty acid was deleterious to the general health of the 
animals treated. An unexplained finding was an increase in the number of visible 
acid-fast bacilli in the animals treated with palmitic acid, in spite of a decrease 
in the extent of the tuberculosis. j Qqrper 


The Chemical Composition of the Active Principle of Tuberculin. 

Florence B. Seibert and Betty Munday, Am. Rev. Tuberc. 23:23, 1931, 

The tuberculin action of tuberculin protein, as seen, for example, in the skin 
reaction in tuberculous animals, appears to be due to a specific portion of the 
protein molecule, which seems to be present in the first, but not the subsequent, 
cleavage products obtained during h 3 '^drolysis of the protein. The smallest protein 
molecule in tuberculin capable of giving the reaction has probably a comparatively 
low molecular weight, of from 1,000 to 2,400 or less, as indicated by passage through 
membranes. Only the protein and possibly its first cleavage products produce the 
precipitin reaction in serums from animals immunized with the protein-carbohj'^drate 
complex (that is, the whole ammonium sulphate precipitate of tuberculin prepared 
from the human type of tubercle bacillus). The lethal power of the tuberculin in 
tuberculous animals and in normal animals is probably associated with the very 
early cleavage products of the protein. Polysaccharide is chemically associated 
chiefly with tlie early cleavage products of the tuberculin protein and cannot be 
removed by washing, but is released at pn 4.8. Nearly one fourth of the poly- 
saccharide in tuberculin is so associated. The rest of the polysaccharide, not bound 
to the protein, passes even the finest filter used in these experiments. With this 
information it has been possible to prepare in quantity an extremely potent tuber- 
culin protein in the form of a powder, which is practically completely water-soluble 
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and therefore undenatured, and which has a nitrogen content of 16 per cent and 
a polysaccharide content of 2.7 per cent or less. Only 0.01 mg. is required to 
produce a maximum skin reaction in sensitive tuberculous guinea-pigs, and 5 mg. 
is sufficient to kill such a guinea-pig in twenty-four hours. It gives a very high 
precipitin titer with serums from rabbits immunized wdth the protein-carbohydrate 
complex of tuberculin (that is, the whole ammonium sulphate precipitate of 
tuberculin prepared from the human type of tubercle bacillus). The primary 
toxicity for normal guinea-pigs is extremely low — about that of timothy bacillus 
protein. Corper. 


Experimental Tuberculin Pneumonia. Alfred Larson and Esmond R. 

Long, Am. Rev. Tuberc. 23:41, 1931. 

The authors used a purified tuberculin prepared by ultrafiltration from a human 
culture on Long’s synthetic medium and tested this by intratracheal injection into 
tuberculous and nontuberculous guinea-pigs. The sharp differentiation expected 
in the effect of tuberculin protein on the lungs of normal and tuberculous animals 
was not realized. In the alveoli of both groups a cellular exudate was produced. 
A quantitative difference in the normal and sensitized animals was found, however : 
tlie exudate caused by the tuberculin tended to clear up in from forty-eight to 
seventy-two hours, leaving the lung normal, and in no instance was caseous necrosis 

H. J. CORPER. 


Monocytes in Tuberculous Animals. J. T. Geiger, Am. Rev. Tuberc. 23:76, 
1931. 

In the normal nontuberculous animal there is no reservoir of monocytes capable 
of supplying great numbers of these cells on acute demand. Such a reservoir can 
be and is established in tuberculous animals. After its establishment the monocytes 
respond to acute stimuli in a manner similar to that of the granulocytic leukocytes. 

• H. J. Corper. 


Do, Broth Culture Filtrates Contain a Bacterial Growth-Inhibiting 
Substance? L. A. Barnes, J. Bact. 21:395, 1931. 

The results of the experiments described do not support the observations of 
Besredka that filtrates of broth cultures contain a substance, liberated from the 
microbial cell, that inhibits bacterial growth. When filtrates prepared from broth 
cultures, pancreatin-digested broth or bacterial cell solutions are added in varying 
proportions to nutrient broth, the resulting diminution in the growth of the 
inoculated organisms is comparable to, or even less than, that obs'erved when 
distilled water (or saline solution) is used as the diluent. It appears to the writer, 
therefore, that the effect of culture filtrates on the growth of bacteria is due to 
an alteration of necessary nutrient materials rather than to the presence of an 

inhibitory agent. Authok’s SoMarAKV. 


The Etiology of Infectious Diarrhea (Winter Scours) in Cattle. F. S. 

Jones and R. B. Little, J. Exper. Med. 53:835, 1931. 

A disease of cows manifested by severe diarrhea is described. The condition is 
characterized by the frequent passage of dark brown or black feces, often con- 
taining mucus and blood. The principal lesions are catarrhal inflammation of the 
small .intestine and degeneration of the liver. By feeding feces from cows spon- 
taneously infected to calves a similar, but milder, disease, characterized by the same 
type of enteritis, was produced. Vibrios were cultivated from the inflamed intes- 
tinal tract in such experimentally induced cases. Pure cultures of the vibrios 
when fed to other calves, in certain instances, produced diarrhea and a well marked 
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enteritis similar to that observed both in the spontaneous disease and in calves 
following the feeding of feces from naturally infected cows. Vibrios were 
recovered from the inflamed small intestine of three of four animals fed such 
cultures. Authors’ Summary. 


ViBRiONic Enteritis in Calves. F. S. Jones and R. B. Little, J. Exper. 

Med. 53:845, 1931. 

An intestinal disorder of calves is described. The clinical manifestations are 
usually observed in calves 2 or more weeks old. Our experiments indicate that 
infection may take place relatively early in life and may for a time produce only 
a mild reaction, but as the disease becomes more chronic, the clinical manifestations 
become more pronounced. The anterior portion of the jejunum is the primary locus 
of infection, but in more chronic cases practically the whole small intestine may be 
involved. Vibrios were cultivated from the inflamed intestinal mucosa in both 
the acute and the more chronic spontaneous cases. Vibrios were also obtained 
from the acutely involved intestines of young calves experimentally exposed to 
natural infection. On three occasions similar vibrios were found in cultures from 
the liver. When a single strain of vibrios that had been under cultivation for 
three months was fed to a young calf, subclinical infection was produced, and tlie 
organism was recovered. This strain after three passages on culture medium, when 
fed to a calf, produced a severe inflammation of the jejunum and ileum, and from 
these areas the organism was recovered. Authors’ Summary. 


Vibrios (Vibrio jejuni, n.sp.) Associated with Intestinal Disorders of 
Cows AND Calves. F. S. Jones, M. Orcutt and R. B. Little, J. Exper. 
Med. 53:853, 1931. 

A number of vibrios obtained from the small intestines of calves fed feces 
from cows with spontaneous diarrhea, the natural intestinal disorders of calves, 
the experimentally induced infections of calves and cultures obtained from Dr. 
Theobald Smith were studied. From the close morphologic resemblance of the 
cultures, the similarities in motility, position and number of flagella, the tinctorial 
properties, and the tendency to fragmentation in older cultures, as well as the 
narrow nutritive requirements, we are led to regard them as a closely allied group, 
and we propose the name Vibrio jejuni. Immunologically, as judged by agglutina- 
tion, the organisms have been divided into two groups, the smaller representing two 
strains originating from diarrhea in cows and the larger comprising one from this 
source and many from the disease in calves. The larger group can be subdivided 
by means of agglutinin absorption into cultures that do not contain the complete 
antigenic complex and others that do. Certain freshly isolated vibrios, when 
injected into rabbits, incite definite reactions terminating in a localization of the 
vibrios in the small intestine accompanied by catarrhal inflammation. 

Authors’ Summary. 

Bartonella Muris Anemia. D. Perla and J. jM. Gottesman, J. Exper. Med. 
53:869 and 877, 1931. 

The pathologic changes that follow a severe infection of the adult or young 
albino rat witli Bartonella muris are of three kinds. First are those that result 
from the release of large quantities of cellular debris into the circulating blood. 
These include phagocytic activity and hyperplasia of the endothelial elements of 
the liver, thymus, lymph nodes and, in the young rat, of these elements in the 
spleen, with resultant capillary thromboses and focal necroses. Second, changes 
result from the anemia as such — fatty metamorphosis of the heart, liver and 
kidneys. Third, there is a severe nephrosis within some instances, a degenerative 
process in the glomeruli. In the bone marrow, hyperplasia of erythropoietic 
elements occurs. 
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In carriers of Bartonella muris certain changes are observed in the lymphoblastic, 
reticular and endothelial elements after splenectomy and recovery from the anemia. 
These changes appear from three to five months after splenectomy and are asso- 
ciated' with immunity to further infection with Bartonella muris. The changes 
consist primarily of hyperplasia of hemolymph tissue, hyperplasia of the reticular 
and endothelial elements of lymph nodes, the formation of lymphoblastic foci 
periportally in the liver and peribronchially and perivascularly in the lung, regen- 
eration of all elements of the thymus and marked hyperplasia of all elements of 
the bone marrow (increased hematopoiesis). Authors’ Summary. 

The Accumulation of Iron in Tuberculous Areas. V. Menkin and M. F. 

Menkin, J. Exper. Med. 53:919, 1931. 

Daily intravenous injections of ferric chloride solution are followed by an 
accumulation of iron in tuberculous areas of the lungs. The iron accumulates in 
the caseous portions of the tubercles and is demonstrable by the prussian blue 
reaction. Quantitative determinations corroborate these results, and show that the 
iron content of lung tissue in tuberculous animals given injections of ferric chloride 
exceeds that in normal animals given injections of this salt, as well as that in 
tuberculous animals not given the injections. Authors’ Summary 


Ticks as Vectors of Typhus Fever. H. Zinsser and M. R. Castaneda, 
J. Kxper. Med. 54:11, 1931. 

Mexican typhus virus can be passed through ticks by the method of rectal 
injection. The virus remains alive in the ticks for at least twelve days. These 
studies, with one of our preceding publications and the work of Dyer, demonstrate 
that there are at least three insects — bedbugs, fleas and ticks — which must be 
considered as possibilities in the conveying of typhus fever from an animal reservoir 
to man. Our work will be continued by a study of rats and mice caught in typhus 
regions, such as Mexico City and its immediate vicinity, with a search for the 
virus in these rodents, as well as an analysis of the insects found on them or in 
the localities in which they are concentrated. Authors’ Summary 


Transmission and Cultivation Experiments with Trachoma. P. K. 

Olitsky, R. E. Knutti and J. R. Tyler, J. Exper. Med. 54:31, 1931. 

Conjunctival tissue derived from alien and native American white persons having 
trachoma in an advanced stage has been used successfully to induce in monkeys 
of the species Macacus rhesus characteristic granular conjunctivitis. The transfer 
of infection was effected either by a single subconjunctival injection or bj" repeated 
swabbings with conjunctival secretions. Pathogenic strains of Bacterium granulosis 
have been recovered from the trachomatous tissues of six of eleven patients. In 
addition, the organisms have been isolated from the monkeys infected with the 
human material. Repeated swabbings with secretions obtained from monkeys having 
experimental trachoma have given rise to characteristic granular conjunctivitis in 
normal animals. In addition, repeated instillations of suspensions of fragments of 
conjunctival tissue derived from affected monkeys have led to a characteristic 
infection of the conjunctivae of normal monke 3 fS. Contact infection occurs in 
monkeys, as it has long been known to occur in human beings, animals with 
smooth conjunctivae acquiring the experimental disease when merely caged with 
infected monkeys. Repeated instillations of cultures followed bj' rubbing of the 
eyelids lead to the disease in monkeys, a method of transfer that indicates one 
manner in which the disease may be transmitted from man to man. Yet another 
manner of producing the experimental condition is by repeated swabbings with 
cultures of B. granulosis. Noguchi has reported the successful outcome of the 
subconjunctival inoculation of cultures and the spread of the disease from an infected 
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conjunctiva to the other eye of the same animal. Tissues derived from human 
beings with trachoma or from monkeys having the experimental disease induce, on 
conjunctival inoculation into monkeys of the species Macacus rhesus, the same 
clinical and pathologic effects as do cultures of B. granulosis. The conjunctival 
lesions closely resemble, in clinical appearance and in microscopic changes, those 
of the follicular stages of trachoma in man. Authors’ Summary. 


Experimental Dermal Pneumococcus Infection in the Rabbit. C. P. 

Rhoads and K. Goodner, J. Exper. Med. 54:41, 1931. 

E.xperimental dermal pneumococcic infection in the rabbit is described in detail, 
and the histologic alterations are compared with those seen in the pneumonic lung 
in man. There would appear to be a basic similarity of the lesions in both tissues. 
A copious production of edema fluid is the outstanding characteristic of the early 
lesion. It occurs prior to any significant cellular change. In the spreading lesion 
an infiltration of the tissues with fluid precedes any other sign of reaction between 
tissue and microorganisms. It seems likely that the advancing fluid carries with 
it the infecting organisms and inoculates all tissues that it reaches. The resulting 
infection seems not to take place by an active invasion of micro-organisms, but by 
a progressive inoculation from an infected fluid. Authors’ Summary, 


The Action of a Bacterial Enzyme on Type III Pneumococcus. O. T. 

Avery and Ri Dubos, J. Exper. Med. 54:51 and 73, 1931. 

An organism has been isolated from peat soil which decomposes the specific 
capsular polysaccharide of pneumococcus type III. The isolation has been made 
possible by the use of a synthetic mineral medium containing the specific poly- 
saccharide as the sole source of carbon. By repeated transfers in this medium the 
capacity of the organism to decompose the specific substance has been progressively 
increased. The organism is a pleomorphic bacillus, motile and spore-bearing, 
exhibiting mctachromatic granules ; its reaction to Gram's stain varies according to 
the medium on which it is grown. It is strictly aerobic, and grows well in plain 
brotli and peptone solutions ; it does not produce gas in any medium, and it forms 
small amounts of acid only on dextrine, galactose, lactose, salicin and trehalose; its 
growth is inhibited by dextrose. The organism decomposes the capsular poly- 
saccharide of pneumococcus type III aerobically, between pn 6.2 and 7,8, at room 
temperature and at 37.5 C., but not at 54 C. The decomposition of the specific 
substance is inhibited by the presence in the medium of other nutrients, such as 
peptones, which act as a more readily available source of energy. The action of the 
organism is specific; it does not attack the soluble specific 'substance of type I 
or type II, nor any of the other bacterial polysaccharides thus far tested. The 
organism possesses an endocellular enzyme. This enzyme has been extracted by 
autolysis of the bacterial celts ; in sterile solution it exhibits the same specific action 
as do the organisms from which it is derived, decomposing only the capsular poly- 
saccharide of pneumococcus type III. This enzyme decomposes the specific 
polysaccharide of type III under anaerobic, as well as under aerobic, conditions; 
it is inactivated at from 60 to 65 C.; the rate of decomposition of the specific sub- 
stance is not affected by the presence of normal serum. There exists a quantitative 
relationship between the total amount of specific substance decomposed and the 
amount of enzyme preparation used ; the existence of this relation makes it possible 
to express the activity of a given enzyme preparation in terms of the minimal 
amount required for the complete decomposition of a given amount of specific sub- 
stance. The specific decomposition of the capsular polysaccharide of pneumococcus 
t 3 "pe III, by the organism as well as by the enzyme it produces, illustrates once more 
the specificity of the types of pneumococcus and confirms the fact that the capsular 
polysaccharides, and not some impurities carried along with them, are responsible 
for type specificity. 
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The bacterial enzyme that decomposes the purified capsular polysaccharide of 
pneumococcus of type III in vitro also destroj's the capsules of the living organisms 
growing in culture mediums and in the animal body. Potent preparations of this 
same enzyme protect mice against infection with virulent type III pneumococcus. 
The protective action is type-specific. The protective activity of the specific enzyme 
is destroyed by heat (70 C. for ten minutes). The enzyme remains in an effective 
concentration for from twenty-four to forty-eight hours after its injection into 
normal mice. The enzyme has been found to exert a favorable influence on the 
outcome of an infection already established at the time of treatment. A definite 
relationship has been found to exist between the activity of the enzyme in vitro and 
its protective power in the animal body. The mechanism of the protective action 
is discussed with special reference to the relation between the decapsulation of the 
bacteria by the enzyme and the phagocytic response of the host. 

Authors’ Summaries. 

Psittacosis. T. M. Rivers, G. P. Berry and D. H. Sprunt, J. Exper. Med. 

54:91, 105, 119 and 129, 1931. 

Experimental Injection in Parrots (Rivers, Berry and Sprunt). — ^The- virus of 
psittacosis is present in the nasal secretions, feces, blood, spleens and livers of 
infected parrots. Parrots are susceptible to intra-oral, intranasal or intramuscular 
inoculations of the virus. The most constant pathologic changes produced by 
psittacosis in parrots occur in the spleen and the liver. The lesions in the latter 
organ consist of areas of necrotic liver cells and damage to bile ducts. In no 
instance, in our experience, were lesions observed in a parrot’s lungs comparable to 
those found in the lungs of man. “Minute bodies” similar to those described by 
Levinthal and others were found in many, but not in all, of the infected birds. 
Parrots that have recovered from one attack of psittacosis exhibit an active 
immunity against reinfection. 

Experimental Injection in Mice (Rivers and Berry). — The work presented in 
this communication concerning psittacosis in mice confirms Krumwiede’s observa- 
tions that mice inoculated intraperitoneally with emulsified livers and spleens con- 
taining the virus acquire the disease, and that the malady can in this way be 
passed serially through a number of mice. Furthermore, it has been shown that 
mice are susceptible to the virus administered intracerebrally, and that the active 
agent can be propagated indefinitely by means of brain to brain inoculations. More- 
over, by the use of mice, the presence of the virus of psittacosis in the sputum of 
a patient with the disease has for the first time been demonstrated. It follows that 
the mouse is available for diagnostic purposes. The pathologic findings in infected 
mice consist of enlarged fatty livers that frequently show areas of necrosis infiltrated 
with polymorphonuclear and mononuclear cells; enlarged spleens with areas of 
necrosis and cellular infiltrations involving the pulp and lymphoid follicles, and, 
finalh", intracerebrally infected animals, a meningo-encephalitis. The “minute 
bodies” described by other observers were not found in all animals, but they were 
seen with sufficient frequency in smears of peritoneal and meningeal exudates and 
in smears and sections of livers and spleens to demand serious consideration as the 
possibile etiologic agent of the disease. Neutralizing and protective antibodies were 
not found in convalescent human serums when the mouse was used as the test 
animal. 

Experimental Infection in Rabbits and Guinea-Pigs (Rivers and Berry). 

Rabbits and guinea-pigs are susceptible to psittacosis virus introduced intra- 
cerebrally. By means of brain to brain passages in these animals the active agent 
is capable of propagation indefinitely. Serial passages of the virus through rabbits 
and guinea-pigs do not cause the active agent to lose its pathogenicity for parrots 
and mice. ^ The chief clinical evidences of infection in rabbits and guinea-pigs 
following intracranial inoculation of the virus are fever and loss of weight. The 
pathologic changes are characterized by a mild meningo-encephalitis, and fatty 
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degeneration, focal necrosis and infarction of the liver. Rabbits on recovery from 
an attack of psittacosis are actively immune. Two strains of virus, human and 
parrot, were found to be immunologically similar. No evidence was obtained to 
show that human convalescent serum possesses an appreciable amount of neutral- 
izing substances. 

Expcriniciiial Injection in Monkeys (Rivers and Berry). — The virus of psitta- 
cosis inoculated intratracheally or intranasally in monkeys produces a pneumonia 
similar to that caused by the same active agent in man. Intracerebral inoculation of 
the virus induces a meningo-cncephalitis characterized principally by a mononu- 
clear reaction in the meninges. Indirect evidence has been adduced to show that 
the portal of entry of the virus in man is the upper respiratory tract. 

Authors’ Summaries. 


Spores of Ci.ostrjdium Tetani. T. J. Murray and M. R. Headlee, J. Infect. 

Dis. 48:436, 1931. 

Effective temperatures for the destruction of spores of Clostridium tetani in 
physiologic solution of sodium chloride varied from 105 to 95 C. The time varied 
from five to sixty minutes, three strains resisting heating for sixty minutes at 95 C. 
Effective temperatures for dry spores varied from 140 to 125 C., and the time from 
five to forty minutes. Dried spores heated under moist conditions showed no 
increase in resistance. Spores in buffer solutions showed the best resistance at 
pn 7. Spores in 1 per cent peptone solution were also more resistant at pn 7. 
Increasing amounts of organic matter (peptone) tended to increase the thermal 
death time at pn 7. Spores suspended in 2 per cent sodium chloride showed the 
greatest resistance to heat. Author’s Summary. 


Spores of Bacillus Anthracis. T. J, Murray, J, Infect. Dis. 48:457, 1931. 

Effective temperatures for the destruction of spores of Bacillus anthracis in 
physiologic solution of sodium chloride varied from 105 to 90 C. The time varied 
from five to forty-five minutes. Higher temperatures were necessary when dried 
spores were heated in the absence of moisture. Spores heated in buffer solution 
showed the best resistance at pn 8. In 1 per cent peptone solutions the resistance 
increased as the pn increased. The resistance of spores suspended in sodium 
chloride solutions decreased with the increase in the concentration of the salt. 

From Author’s Summary. 

Spores of Clostridium Welchii. M. R, Headlee, J. Infect. Dis. 48:468, 1931. 

The resistance of spores of Clostridium welchii in physiologic solution of sodium 
chloride varied from thirty minutes at 90 C., to ten minutes at 95 C., and five minutes 
or less at 100 C. Spores were more tolerant of acid than of alkali. Optimum 
resistance of spores was found in 3 per cent sodium chloride solutions. Spores in 
peptone and gelatin showed resistance inversely proportional to the concentration 
of organic substance. Optimum resistance was shown in 1 per cent starch solution. 
Icebox temperature had little effect on the thermal resistance of the spores. Dry 
spores were found more resistant to heat than wet spores. 

From Author’s Summary. 

Infection with Brucella Abortus. A. Thomsen, J. Infect. Dis. 48:484, 1931. 

Two hundred and seventy-two persons in contact with cattle were examined for 
agglutinins and complement-fixing antibodies for Brucella abortus. Individuals 
in contact with sick animals showed a large percentage' of positive reactions, but a 
historj' of undulant fever was noted in only one case. Complement-fixation tests 
gave more positive results than the agglutination test. Among the persons handling 
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flesh of killed animals and milk, few positive reactions were found. A control 
group of sixty-one healthy patients and nonfebrile patients showed no positive 
reactions. Delves. 

Otitis Media and Mastoiditis Due to Streptococcus Epidemicus. 
I. Pilot, M. Lampert and D. J. D.wis, J. Infect. Dis. 48:498, 1931. 

Six cases of otitis media and four of mastoiditis due to Streptococcus epidemicus 
are described. The complications due to this streptococcus may follow sporadic 
sore throat, scarlet fever or mild infections of the upper respiratory tract. 

Authors’ Summary. 

Tonsillectomy in Carriers of Streptococcus Epidemicus. , I. Pilot and 
D. J. Davis, J. Infect. Dis. 48:501, 1931. 

Tonsillectomy in carriers of Streptococcus epidemicus causes rapid disap- 
pearance of this organism from the throat. Persons presenting sporadic cases of 
septic sore throat, otitis media and mastoiditis often become carriers of 
S. epidemicus in tonsillar crypts. S. epidemicus may cause acute infection in 
tonsillectomized persons, but the organisms disappear during convalescence. 
S. epidemicus was found in the crypts of 13.8 per cent of extirpated tonsils. All 
of the patients gave a history of sore throat. Many whose tonsils revealed S. epi- 
demicus had cervical adenitis, arthritis or arthritic pains. The removal of the 
tonsils in these patients resulted in marked clinical improvement. 

Authors’ Summary. 

Sporadic Cellulitis and Abscess Due to Streptococcus Epidemicus. 
I. Pilot and D. J. Da vis, J. Infect. Dis. 48:505, 1931. 

Cellulitis and deep subcutaneous abscess may be due to Streptococcus epidemicus. 
Abscesses in the cervical lymph glands may follow sore throat due to this organism. 
Peritonsillar abscess, suppurative otitis media, mastoiditis, meningitis and empyema 
may also be caused by S. epidemicus. These infections appear to be sporadic and 

not associated with milk-borne epidemics of sore throat. . , ^ 

Authors Summary. 

Dissociation of Hemolytic Streptococci. R. Tunnicliff, J. Infect. Dis. 
48:511, 1931. 

Many strains of hemolytic streptococci from erysipelas, scarlet fever and septic 
sore throat remain stable for years, both immunologically and culturally. A few 
strains dissociate, and the cocci from the dissociated colonies differ from those in 
the original culture in colony formation, immunity reaction, sometimes in pro- 
duction of color on chocolate agar, and in virulence. Many of the dissociated 
cultures may revert to the original tj-^pe of streptococcus. 

Author’s Summary. 

Epidemiology of Undulant Fever. C. F. Jordan, J, Infect. Dis. 48:526 
1931. 

Agglutinins for Brucella melitensis in the group of the general population 
•studied appear to be due to the use of raw dairy products. The group of 
veterinarians show a higher percentage of positive agglutinin reactions, owing to 
their direct contact with cattle. Infection with Br. melitensis is in direct pro- 
portion to exposure. Infection due to the ingestion of raw dairy products seems 
dependent on the amount consumed, the duration of exposure and the number of 
organisms ingested. The number of "no agglutination” reactions in persons follow- 
ing infection associated with disease and infection without disease indicate tlie 
probable role of immunity in the epidemiologj' of undulant fever. 

Edna Delves, 
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Fecal Flora of Adults. A. G. Sanborn, J, Infect. Dis. 48:541, 1931. 

The fecal flora was characteristic of the individual. This was particularly true 
of the Bacillus coli-Lactobacillus acidophilus ratio. The majority had L. aci- 
dophilus in the feces. Sporalating anaerobes, a marked evidence of proteolytic 
activity, usually accompanied a high count of L. acidophilus. Presumably non- 
sporulating anaerobes were found in considerable numbers. The frequent presence 
of a small, gram-negative, anaerobic bacillus which seemed to affect the ratio of 
gram-negative to gram-positive bacilli is mentioned. High and low dilution plates. 


incubated under increased carbon dioxide tension, were used. 


Edna Delves. 


Brucella Abortus Infection. K. T, Sasano, D. Caldwell and E. M. 

Medlar, J. Infect. Dis. 48:576, 1931. 

Serums of 1,000 persons revealed positive complement-fixation for Brucella 
abortus in 96 and positive aggluination in 78. In only five cases was the diagnosis 
of undulant fever made. In all these cases, complement-fixation was positive, and 
the titers of agglutination ran from 1 : 135 to 1 : 200. In rabbits the complement- 
fixing substances and the agglutinins developed at about the same time, but the 
former persisted longer. Complement-fixation and agglutination remain for years 
after apparent recovery from the infection. A diagnosis of undulant fever based 
on positive complement-fixation and low titers of agglutination in the absence of 
positive blood cultures, is doubtful. Edna Delves 


Bacillus Hemolyticus. L. R. Vawter and E. Records, J. Infect, Dis. 48; 

581, 1931. 

Agglutinins for Bacillus hemolyticus were specific for the species. One of tlie 
sixteen strains studied did not belong to the same agglutination group. Cross- 
agglutination of B. hemolyticus serums did not occur with antigens of B. chauvaei, 
B. welchii, Vibrion septique (types I, II and III) and three strains of B. sordelli. 
Agglutinating serums of other pathogenic anaerobes did not agglutinate B. 
hemolyticus. Antigens of B. novj-i were unstable, but B. novyi serum failed to 
protect animals inoculated with B. hemolyticus. Edna Delves 


Diptheria Toxin. M. E. Maver, J. Infect. Dis. 49:1, 1931. 

Chemical tests indicate that a protein is synthesized simultaneously with the 
production of toxin by diphtheria bacilli cultured in a synthetic medium. Experi- 
mental evidence that the toxic fraction is identical with or associated with a 
protein is as follows : In an electric field both toxin and protein migrate to the 
anode at pn 4.05 and to the cathode at pn 3.75. The protein and the toxin are 
simultaneously destroyed by trypsin and pepsin. Less action in destroying the 
toxin on the part of neutral trypsin, as compared with alkaline trypsin, might be 
taken as evidence that the toxic fraction is a whole protein. The production of 
crystalline protein toxin will be conclusive evidence. 

From Author’s Summary. 

Fecal Flora of Adults. A. G. Sanborn, J. Infect. Dis. 49:37. 1931. 

The degree of transformation of the fecal flora in an acidophil direction by 
means of a specific carbohydrate diet is dependent on the original presence of 
appreciable numbers of L. acidophilus and the stability of the flora already present. 
A diet high in carbohydrate and one high in meat protein tend to simplify the 
aerobic fecal flora, the one in the acidophil, the other in the colonic direction. Non- 
lactose-fermenting gram-negative bacilli developed in persons with a strongly 
colonic flora resistant to transformation. Proteolytic activity may be reduced by 
decreasing the meat protein and by increasing the lactose in the diet, even when 
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there is only a slight increase in L. acidophilus in the feces. L. acidophilus in 
the feces is more easily increased in persons under 40 years of age. Persons 
irregular in their defecations often eliminate large quantities of L. acidophilus. 
Foreign strains, ingested in L. acidophilus milk completely suppressed native 
strains. After milk therapy was stopped, the foreign strains soon disappeared, 
with a return of the native L. acidophilus. L. bulgaricus was not isolated from the 
feces of three persons, but in one case L. bulgaricus milk appeared to decrease 
the number of native L. acidolphilus. It is suggested that in adults L. acidophilus, 
milk may be more valuable therapeutically than an attempted transformation of 
the fecal flora by appropriate diets. Edna Delves. 


Bacterium Granulosis in Relation to Trachoma: Its Pathogenicity for 
Various Monkeys and Apes. Charles Weiss, Tr. Am. Acad. Ophth., 
1930, p. 233. 

Working with three strains of Bacterium granulosis provided by the Rocke- 
feller Institute, and later with two others isolated by ourselves, we have been 
able to produce only a transient type of follicular conjunctivitis, lasting not more 
than four months, in various types of monkeys and apes. We employed twenty- 
eight rhesus monkeys, two of the genus Macacus inuus (Algerian magots), one 
baboon, one callitriche and two chimpanzees. Of the twenty-eight rhesus monkeys, 
eight developed granular conjunctivitis. The two Algerian magots developed 
similar follicles. One baboon was inoculated three times, and transient follicles 
were induced twice, while the callitriche, which was inoculated once, remained 
free from infection. *• o 

In .two young chimpanzees inoculated with the Rockefeller cultures of Bac- 
terium granulosis only transient follicles were induced, whereas in a third young 
chimpanzee infected with fresh “virus” obtained from human trachomatous eyes 
advanced lesions developed, which contained Prowazek-Halberstaedter bodies, 
and both clinically and histologically showed a striking resemblance to the lesions 
of active human trachoma. Thus, eighteen days after infection, the mucous mem- 
branes of the lower conjunctiva were thrown into folds; there were papillary 
hyperplasia and hypertrophy, secretion and ptosis of the upper lid. The infection 
spread spontaneously to the uninoculated eye, and follicles developed in the upper 
and lower conjunctivae of both eyes, including the tarsi and retrotarsal folds. 
Attempts to isolate B. granulosis from the material removed from the conjunctival 
lesions of the patient, as well as from those of the chimpanzee, were unsuccessful. 
Histologic sections of the conjunctivae of the inoculated eye of this chimpanzee, 
taken oh the two hundred sixteenth day after injection (when the animal died of 
generalized tuberculosis), showed roughening of the conjunctival surfaces, epithelial 
invaginations, lymphocytic infiltration, young fibroblasts and new connective tissue 
containing many small capillaries. Near the upper end of the tarsus, the layer of 
infiltrated inflammatory cells was thicker and contained plasma cells and histio- 
cytes. The lids of the uninoculated eye showed a similar picture. The centers of 

the follicles contained groups of epithelioid cells. ' . , ^ 

Author s Summary. • 

Filtrability and Polymorphism of Tubercle Bacilli. A. Fontes Beitr 
z. Klin. d. Tuberk. 77:2, 1931. 

Intracellular chromatin granules of tubercle bacilli can propagate without the 
rest of the bacterial bodjL The granular form is a phase in the life cycle of the 
organism. The life cycle is represented essentially by the following phases- 
granular dust, free granules, multiplication of granules, cellular organization pro- 
duction of intracellular granules, production of extracellular granules, propagation 
of bacterial cells. The granule is the living entity that can produce infection 
Tuberculous virus may be present in the animal body without producing the 
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characteristic tissue reactions. The virulence is variable, as shown by its decrease 
after filtration. Scrofulosis and hereditary infections are due to a special phase 
virus. 

Filtrable Forms of Tubercle Bacilli. A. Vaudremer, Beitr. z. Klin. d. 
Tuberk. 77:16, 1931. 

■ The tubercle bacillus is not always acid-fast. It possesses a true endotoxin. 
Tuberculin is an e.xogenous poison and can produce sensibilization. The tubercle 
bacillus is very variable, ^^^^en it is grown at low temperature and with a 
minimum of nutrient material, atypical forms are developed. In the life cycle of 
the organism there occurs a stage at which the nuclear substance seems to be 
in an amorphous state. Between this amorphous state and the visible granules 
there is a stage in which the virus is filtrable. klAX Pinner 

Variability of the Tubercle Bacillus. S. S. Maher, Beitr. z. Klin. d. 
Tuberk. 77:40, 1931. 

Atypical strains of tubercle bacilli can be produced by culturing tubercle 
bacilli over long periods of time in liquid mediums. Out of the sedimented bac- 
terial mass one obtains nonacid-fast granulated rods that frequently produce pig- 
ment. Similar variations can be produced by letting the culture medium dr}'. A 
strain of acid-fast rods is demonstrated, which was derived from the acid-fast 
spores of a culture of Bacillus subtilis. It is the author’s belief that bovine 
tubercle bacilli are descendants of B. subtilis. 


Various Forms of Tubercle Bacilli. R. Pla y Armengol, Beitr, z. Klin. d. 
Tuberk. 77:47, 1931. 

The author shows photomicrographs of various forms of tubercle bacilli. These 
include cocci of various sizes, long granulated filaments and streptococcus-like 


forms. 


Max-Pinner. 


Variations of the Tubercle Bacillus in Form and Action. H. Much, 
Beitr. z. Klin. d. Tuberk. 77:60, 1931. 

The tubercle bacillus exists in essentially two forms, in that described by 
Koch and in that described by Much. The latter form is very variable; it may 
consist 'of thick spheres, dustlike granules or invisible forms. In the latter stage 
it is filtrable and may produce atypical types of infection, but the classic form can 
always be regenerated. Tubercle bacilli can be lysed by injecting them into 
growing plants. In some plants tubercle bacilli are completely lysed, so that they 
cannot be demonstrated microscopically or by infections of animals. In other 
plants tubercle bacilli die without being lysed. In other plants tubercle bacilli are 
neither lysed nor killed. And in still other plants tubercle bacilli remain alive, but 
lose their virulence. 

Morphologic Variation of Tubercle Bacilli. O. Kirchner, Beitr. z. Klin, 
d. Tuberk. 77:72, 1931, 

By growing tubercle bacilli submerged in liquid mediums atypical forms are 

obtained. The latter are shown in a colored illustration. > 4 -., 

Max Pinner. 


The Developmental Cycle of the Tubercle Bacilli. H. Mollgaard, 
Beitr. z. Klin. d. Tuberk. 77:83, 1931. 

If bovine or human tubercle bacilli are seeded on mediums containing filtered 
bone-marrow extract or autoclaved yeast e.xtract, nonacid-fast and partly granu- 
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lated rods appear first. The}' are first gram-negative, but the granules, frequently 
in diplococci arrangement, become gram-positive. On prolonged culturing on these 
mediums, long filaments and sometimes typical actinomycetes with gonidia occur. 
The same forms were recovered from animals after infection. The same coryne- 
like and actinomycotic forms were obtained from the bone-marrow of tuberculous 
calves, and the same forms were recovered from the blood of human beings with 
pulmonary tuberculosis in the acute stage. The diplococcic forms grow out to 
rods, which are either gram-negative or gram-positive or acid-fast. The gram- 
positive rods develop on Petroff’s medium into typical acid-fast rods. It is impor- 
tant in repeating the studies to adjust the mediums to pn 7.3 and to keep them in 
an atmosphere of 5 per cent carbon dioxide. The bone-marrow for the mediums 
must be taken from very young calves; the yeast extract must be prepared from 
dry yeast. The nonacid-fast forms occur usually between the fourteenth and 
twenty-first days. The culture medium remains clear and contains granular matter, 
which usually adheres to the wall and to the bottom of the tube. All nonacid-fast 
forms were nonmotile. 


Immunology 

Intravenous Vaccination with Hemolytic Streptococci. AI. G. Wilson and 
H. F. Swift, Am. J. Dis. Child. 42:42, 1931. 

The seasonal incidence of the recurrence of rheumatic activity among 172 
children of the susceptibile age group observed for a period of four years is 
presented. About half of these children received intravenous vaccination with 
hemolytic streptococcal vaccine. The remaining number were observed as a control 
group. The incidence of recurrence and manifestations of activity in both groups 
were comparable during the years 1927 and 1928, before vaccination was given. 
The yearly incidence of recurrence was less in the treated group than in the control 
group during the years 1929 and 1930, after treatment. Forty-five per cent of 
the treated children, as compared with 18 per cent of the controls, were free from 
recurrence for periods of from sixteen months to two years after treatment. The 
causal relation of intravenous vaccination with hemolytic streptococcal vaccine to 
the diminished incidence of recurrence observed is discussed. 

Authors’ Summary. 


The Influence of Dehydration on Anaphylaxis in Guinea Pigs. M. I. 
Rubin and C. E. Kellett, Bull. Johns Hopkins Hosp. 49:170, 1931. 


Dehydration is shown to protect a sensitized guinea-pig from anaphylactic 
shock. The experiments with histamine suggest that the protection thus afforded 
is in part, at any rate, due to diminished irritability of smooth muscle. We have 
pointed out that dehydration may explain the success of many of the other anti- 
anaphylactic procedures. The clinical application of the results of our experiments 
are encouraging. Authors’ Summary. 


The Skin as an Immunological Organ. L. Tuft, J. Immunol. 21:85, 1931. 

During tlie course of some experiments in serum-sickness, it was observed that 
the skin seemed to possess an unusual capacity for sensitization to horse serum, this 
sensitization being accompanied by the production of anaphylactic antibodies,' and 
these experiments suggesting the possibility that the skin may act as an important 
immunologic organ. Numerous clinical observations bear out the close relationship 
e.xisting between the skin and processes of immunity in infectious and allergic 
diseases. These have been further substantiated by many experimental contribu- 
tions reported in the past few years in the foreign literature, which appear to 
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indicate not only that the skin may have the power to form antibodies, but that 
such antibodies may be specific and that the ability to form such antibodies resides 
specificially in the skin. My own experiments do not bear out the latter view, at 
least for antibacterial antibodies, for from a comparison of the antibody’- response 
after the intraderraal, subcutaneous, intramuscular and intravenous injection of 
mixed typhoid vaccine, both in the human being and in the lower animals, it 
would appear that though it is possible that the skin participates actively in anti- 
body production, it does not carry out this function exclusively in respect to other 
tissues or organs. The marked antibody response particularly after local injection 
can be best explained on the basis of a local tissue stimulation of the cells of the 
reticulo-endothelial system, these cells being particularly abundant in the skin. 
That the active antibody response after intradermal injection may be due in part 
to a slower absorption of the antigen is entirely possible, although this process 
may in turn allow for local fixation of a greater amount of antigen and thus 
greater local stimulation of antibody. Author’s Summ.^ry. 


Diphtheria Aktitoxik in Human Sweat. J. M. Neill, E. L. Gaspari, R. A. 

Mosley and J. Y. Sugg, J. Immunol. 21:101, 1931. 

This paper deals with diphtheria antitoxin in human sweat. Significant amounts 
were found in the sweat of three men possessing large amounts in their blood 
(two with “natural” immunity and one previously given an injection of toxoid) ; 
none was found in the sweat of people with only small amounts of antitoxin or 
none in their blood. The data arc compared with previous data on saliva and 
urine on the basis of the following questions; the comparative frequency of 
persons with detectable antitoxin in the secretion, comparative ratios to serum 
antitoxin, daily output and significance of sweat as a channel of loss of immune 


substances. 


Authors’ Su.mji.iry. 


A Quantitative Asptxt of the Hypothetical Incorporation of Injected 
Antigen in Resulting Antibody. S. B. Hooker and W. C. Boyd, J. 
Immunol. 21:113, 1931. 

From quantitative data relative to the weight of injected antigen and to the 
potency of resulting antibody, it is conservatively estimated that one molecule of 
active antigenic substance gives rise to an amount of agglutinin capable of flocking 
600 bacteria. This result is difficult to reconcile with the hypothesis that antibody 
is a conjugate of antigen and body globulin. The surface relationship (implicated 
in the mechanics of agglutination) between one globulin molecule and 600 bacteria 
is 1 : 25,000,000. Even with the assumption of multiple monospecific determinants 
in a single molecule of antigen this discrepancy is extreme. A theory of antibody 
formation involving catalysis would seem more promising. 

Authors’ Summary. 


On the Mechanism of Toxin-Antitoxin Reactions. J. Freund, J. Immunol. 

21:127, 1931. 

High dilutions of tannin in a neutral or slightly acid menstruum detoxify 
diphtheria and tetanus toxins. The detoxifying effect of tannin can be demon- 
strated on either highly diluted toxins or toxins absorbed on collodion particles. 
There is a characteristic prezone in the effect of tannin on toxin. Dilutions from 
1 : 100 to 1 ; 3,200 are not so effective as higher dilutions. (The same prezone 
characterizes the agglutination of red blood cells by tannin.) These experiments 
seem to be in harmony with, the viewHhat the various reactions demonstrated with 
a given antigen are all due to the same antibody and that the mechanism of all 
.antigen-antibody reactions is the same. Author’s Summary. 
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Agglutinin Production in Suprarenalectomized Rats. D. Khorazo, 
J, Immunol. 21:151, 1931. 

In contrast to previous work, we have been unable to demonstrate that bilateral 
suprarenal ectomi' in rats alters agglutinin production against typhoid vaccine.- 

Author’s Summary. 

Toxins of Streptococcus Epidemicus. I. E. Pilot and I. Dreyer, J. Infect. 
Dis. 49:135, 1931. 

Streptococcus epidemicus of epidemic septic sore throat produces a toxin, as 
determined by intradermal tests; 98 of 324 persons (30 per cent) giving positive 
reactions. Susceptible persons, as well as rabbits, may be immunized with the 
epidemicus toxin. Skin reactions to the toxins of S. epidemicus are widely 
divergent from the reactions to the toxin of S. scarlatinae. Of 208 persons, 46 
'gave positive reactions to scarlet fever toxin, 56 to the epidemicus toxin and 
only 10 to both toxins. An attack of scarlet fever resulted in a loss of the skin 
reaction to the scarlet fever toxin, but did not affect the skin reaction to the 
epidemicus toxin. Of 24 patients convalescent from scarlet fever who gave 
negative reactions to the Dick test, 8 (33 per cent) reacted to the epidemicus 
toxin. In persons giving positive reactions to both toxins, immunization with 
scarlet fever toxin resulted in the disappearance of the susceptibility to the scarlet 
fever toxin, but did not affect the susceptibility to the epidemicus toxin ; immuniza- 
tion with the epidemicus toxin resulted in loss of susceptibility to this toxin, while 
the result of the Dick test remained positive. Antiserums produced by means of 
the epidemicus toxin appear to be specific. They neutralize the epidemicus toxin, 
but do not affect the scarlet fever toxin in persons giving positive reactions to 
skin tests with both toxins. Authors’ Summary. 

The Specificity of Avian Tuberculin Reactions. V. B. Dolgopol, J. Infect. 
Dis. 49:216, 1931. 

A positive reaction to avian tuberculin, observed in many cases of pulmonary 
tuberculosis, does not indicate an active mixed infection with human and avian 
tubercle bacilli. (This conclusion is based on the result of the inoculation of 
chickens with the sputum of ten patients who showed positive reactions to avian 
tuberculin). A positive reaction to avian tuberculin in pulmonary tuberculosis 
does not indicate latent infection with the avian tubercle bacillus. (This conclusion 
is based on the result of the inoculation of chickens with autopsy material, includ- 
ing peribronchial lymph nodes, from three patients who had shown positive 
reactions with avian tuberculin). The large percentage of positive reactions with 
avian tuberculin in tuberculous patients, observed by Maggiore, by Stewart and 
Collins, by L’Esperance, and by myself, must be considered only as a large per- 
centage of group reactions in patients suffering from tuberculosis caused by the 
mammalian types of tubercle bacilli. In the presence of positive cutaneous reac- 
tions with mammalian tuberculins a positive reaction with avian tuberculin cannot 
be taken as indicating an infection with the avian tubercle bacillus; but such an 
infection may be assumed to exist when the reaction to avian tuberculin is positive 
while the reaction to other tuberculins is negative or considerably weaker. Tuber- 
culosis does not develop in chickens when they have been inoculated intravenously 
or intraperitoneally with large amounts of mammalian tubercle bacilli. 

Author’s Summary. 


The Nature of the Antibodies. .Paul von Gara, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 71:1, 1931. 

Ninety rabbits divided into small groups were given injections of ox serum, 
Eberthella typhi or sheep red blood cells. A few were treated with only one 
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antigen, but most were also given injections of the other antigens, and their 
serums were then studied for agglutinins, precipitins, hemolj'sins, complement 
fixing and bactericidal properties. With the exception of the bactericidal prop- 
erties, which decreased, all the other antibodies showed a parallel increase, 
depending on the number of injections, two of which were the minimum necessary 
to produce a response. Anamnestic reactions following a single repeated injection 
of a homologous or heterologous antigen were noticed even when the interval 
between the injections of the two antigens was considerable. Following multiple 
injections of the new antigen, such anamnestic reactions could not be seen. The 
response to reinjections after intervals was also greater than to first injections. 
Absorption with the homologous antigen removed the antibodies completely, while 
absorption with heterologous antigen, though marked, was not equally complete, 
though parallel for all antibodies. The author concludes that the so-called different 
antibodies are only different reactive forms of the condition of the serum resulting 
from the injection of the antigens. j Davidsohx 


Bactericidal Substances in Tissue Cultures. Siiuji Kojiatsu, Ztschr. f. 

Immunitatsforsch. u. exper. Therap. 71:76, 1931. 

The formation of bactericidal substances was observed in cultures of the 
spleen and to a lesser extent of the bone-marrow of rabbits given injections of 
Eberthella typhi. The introduction of the antigen into the culture of the tissue 
was not followed by the development of bactericidal properties. They appear in 
the tissues, particularly in the spleen, earlier than in the blood serum. The 
development of bactericidal substances in tissue cultures of nontreated animals 
could not be observed. Davidsohn. 


The Occurrence of the Serologic Factors kl and N in the Japanese, 
S. Shigeno, Ztschr. f. Immunitatsforsch. u. exper. Therap. 71:88, 1931. 

In 329 blood specimens sent from Japan to Berlin both factors were found in 
numbers similar to those observed in Europeans and whites of North America. A 
decrease in the titer, particularly of factor N, was observed in the transported 
blood specimens. D^,,,insoHN. 


The Specific (Immunologic) Properties of Purified Toxins. S. Schmidt, 
Ztschr. f. Immunitatsforsch. u, exper. Therap. 71:101, 1931. 

Dipththeria anatoxins from various sources were successfully purified by 
adsorption with aluminum hydroxide. A reversal of the original detoxifying 
process with a return of the toxicity was not observed as a result of purification 
and concentration. Occasional slight increases of toxicity were, in the author’s 
opinion, due to a concentration of a small fraction which was not detoxified during 
the preparation of the anatoxin. Besides the procedure of Ramon, a test for toxicity 
is suggested, consisting in an intracutaneous injection of 0.2 cc. into a rabbit. 
Purified and concentrated toxins and anatoxins showed better antigenic properties 
than the crude products. Good results were obtained when the immunization was 
begun with anatoxin and continued with toxin. j Davidsohn 


Tumors 

Neurogenic Sarcoma. Fred W. Stewart and Murray M. Copeland, Am. J. 
Cancer 15:1235, 1931. 

After a detailed study of the material of the Memorial Hospital the authors 
conclude that neurogenic sarcoma is an exceedingly variable disease. A large 
percentage of sarcomas of the soft parts are of neurogenic origin and possess 
the same gross and microscopic features and run the same clinical course as 
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so-called Recklinghausen’s disease. The fundamental cell of origin of the tumor 
is the Schwann cell. The lamellar sheath contributes to certain of these tumors. 
Although they may occur anywhere, they have sites of predilection and a tendency 
to involve certain nerves. After excision they recur, as a rule. However, these 
recurrences are no other than new tumors arising from nerves in the vicinity. 
Evidence that irradiation after excision prevents or dela 3 ’'s recurrence is lacking. 
The article contains a comprehensive discussion on the pathology of the tumors, 
and the reports of sixty-four selected cases of. neurosarcoma from the literature 
in the form of tables. The references are abundant. p 


Oligodendroglioma. S. T. Kwan and Bernard J. Alpers, Arch. Neurol. & 
Psychiat. 26:279, 1931. 

Kwan and Alpers give a detailed report of four cases of a type of a glioma 
classified by Cushing and Bailey as oligodendroglioma. They confirm the view 
that the latter is a specific, cellular and slowly growing tumor, consisting of glia 
or naked nuclei. These tumors are scattered in immense amounts in the subcortical 
white matter along the axons and are, of course, also present in the gray matter, 
mainly as satellites of the ganglion cells. With specific stains they show processes 
and are preferably designated as oligodendroglia or oligogliocytes. It is rather 
noteworthy that tumors should be made up of fully differentiated elements, as 
the oligodendroglioma is. Among oligogliocytes forming the latter, Kwan and 
Alpers also found unipolar and bipolar spongioblasts and transition forms between 
oligogliocytes and astrocytes. In some instances they were able to show the 
development of both oligogliocjdes and the transition forms from the spongio- 
blasts. An interesting feature was the presence, in one case, of tumor masses in 
the subarachnoid space, for which the authors, however, fail to give an adequate 
explanation. George B. Hassin. 


Multiple Neurofibromatosis. K. Hosoi, Arch. Surg. 22:258, 1931. 

The author had been able to follow a benign neurofibroma through to a spindle 
cell sarcoma. Microscopic section of the lesion revealed a transformation from 
the relativelj’'. acellular neurofibroma to a cellular spindle cell tumor. Hosoi 
gives an extensive review of the literature. A total of sixty-five cases of sar- 
comatous transformation of neurofibromatosis have been collected. Seventy-two 
per cent of the cases occurred between the ages of 30 and 50. Malignant trans- 
formation takes place in about 13 per cent of all cases of Recklinghausen’s disease. 
The tumor grows rapidly and tends to recur. Metastases are late. The prognosis 

N. Enzer. 


Adenoid Cystic Carcinoma ivith Generalized Metastases in Three Cases 
OF THE Basal Cell Type. A. W. Spies, Arch. Surg. 21:365, 1930. 

The author reviews at considerable length the adenomatous types of basal cell 
tumor in the skin and mucosa, emphasizing the fact that true basal cell tumors 
of the mucosa are not universallj' accepted. The general conception that basal 
cell tumors are benign will have to be modified to the e.xtent that basal cell tumors 
showing an adenoid structure maj^ be malignant, as illustrated by three cases 
reported here: Spies has been unable to find an authentic, proved case of basal cell 
epithelioma with metastases. Most of those which have been reported as basal 
cell tumors with metastases were probably basal cell tumors with some squamous 
cell features. The "adenoid C 3 "stic carcinomas of the skin are chronic, localized 
lesions, generally occurring at a younger age than the true basal cell carcinoma. 
They are radio-sensensitive. Those on the mucosa are much more malignant. 
These histologic features of both the cutaneous and noncutaneous groups are 
similar. The characteristic feature is the cordlike arrangement of cells of the 
basal t 3 'pe thrown into papillary and .pseudoglandular formations. Occasional 
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solid alveolar forms and discrete cyst forms are found. Mitoses are infrequent. 
The formation of the cysts is open to some interpretation. Some authors believe 
that they arc due to degeneration of the stroma. Others believe that they are 
results of secretory and desquamative activity of the cells themselves. In general, 
the adenoid structures of these tumors are poorly formed, and the unit is difficult 
to detect. The stroma is scanty. 


Carcinoid Tumors of Small Intestine. H. H. Cooke, Arch. Surg, 22:568, 
1931. 

Eleven cases are reported, three of which were malignant. The primary lesion 
was usually a circumscribed nodule. Multiple nodules were present in three 
cases. One of them formed an annular tumor. Nine of these were in the ileum 
and two in the jejunum. Metastases occurred in 20 per cent of reported cases, 
despite the fact that the histology of the carcinoid tumors generally suggests a 
benign tumor. 


Sarcoma of the Esophagus. H. J. Dvorak, Arch. Surg. 22:794, 1931. 

Sarcoma of the esophagus is more frequent than carcinoma of the esophagus 
in young persons, its most frequent site being in the lower third. It may be a 
poNpoid or solid medullary spindle cell tumor invading the wall. The author 
reports a case of rhabdom 3 'Osarcoma. About thirt}' cases have been reported in 
the literature. Enzer. 

Injury and Glioma of Brain. H. L. Parker and J. W. Kernohan, J. A, M. A. 
97:535, 1931. 

A series of 431 cases of glioma of the brain have been studied in relation to 
injury to the head. Injury was reported to have occurred in 58 cases (13.4 per 
cent). As a control, in an equal number of cases without tumor of the brain there 
was a history of injury to the head in 45 (10.4 per cent). Two hundred normal 
persons were also interrogated, and 71 (35.5 per cent) reported injury to the head. 
With or without adjustment in patients Avith tumor for relatively greater liability 
to fall and be injured, the incidence of injury in this group is not sufficiently high, 
as compared to the other series, to suggest an ctiologic factor. The relative 
incidence of injury in cases of glioma of the brain must therefore be abandoned 
as an argument in favor of injury being a cause of glioma. Considering the 
relatively high incidence of injuries to the head in the general population, there is 
ample possibility that the occurrence of the injurj’- and the tumor in the same case 
may be mere coincidence. 

Certain criteria are suggested to apply to a given case of glioma of the brain 
before the reported injury can even be assumed as a cause, especially in medico- 
legal cases. The 58 cases in which there was a claim of injur}’’ to the head sub- 
sequent to death or operation were found, in the light of these criteria, to shrink 
to 21, wherein, for the purpose of argument, injury might be assumed as cause. 
This represents only 4.2 per cent of the total series of gliomas of the brain. There- 
fore, in 95.8 per cent of the cases, injurj’- had had played a part in the formation 
of tumor and accordingly cannot be a significant factor in the general causation 
of glioma. Further, in the cases considered here, both gross and. microscopic exam- 
ination of tissues failed to show any association between the tumor and an old 
injurjL 

Since the Great War, at least 2.858 cases of injurj’ to the head, civil and 
military, have been reported in current literature. The patients have been 
observed for periods of from two months to twelve years. In none of the 2,858 
cases Avas there a record of glioma of the brain deA’eloping as a result of these 
injuries. Therefore, glioma of the brain as a sequela of injury to the head must 
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be excessively rare and comes within the possibility of coincidence. The cause of 
glioma of the brain is still unknown, and as yet it is unwise to affirm that injury 
has any direct causal association, for the preponderance of evidence is against this 


conclusion. 


Authors’ Summary. 


Primary Malignant Adamantinoma of the Ovary. M. N. Zajewloschin, 
Frankfurt. Ztschr. f. Path. 41:100, 1931. 

A primary malignant adamantinoma of the ovary in a girl 8 years old is 
reported. During the operation for removal, it was noted that both tubes and the 
uterus were absent. The tumor weighed 200 Gm., and measured 6 by 7.5 by 9 cm. 
Its surface was in part smooth and in part nodular. On section, the bulk of the 
tumor consisted of an irregular lobular mass, a small amount of interstitial tissue 
and some calcified areas. A few cysts were also noted. Histologicall}’’, the tumor 
revealed typical adamantinoma structures. The author believes that the tumor 
reported is a congenital teratoma in which the predominant portions are repre- 
sented by the adamantinoma. It is possible that originally this tumor was a 
dermoid cyst with tooth structures, from which the adamantinoma developed. 

Otto Saphir. 

Collision Tumors. P. Goetting, Frankfurt. Ztschr. f. Path. 41:107, 1931. 

A pyloric tumor was removed from a man 38 years old. The liver, which 
was examined during the operation, showed no evidence of metastasis. A roent- 
gen examination five months after operation revealed metastases in the lung. On 
palpation a metastatic tumor was also recognized in the liver. When the patient 
died subsequently, no autopsy could be obtained. Histologic examination of the 
pyloric tumor revealed a typical cylindric cell carcinoma and a spindle cell sarcoma 
which infiltrated the carcinoma. The various explanations of the histogenesis of 
these tumors are discussed. Saphir. 


Cancer in Hamburg. W. Schwanke, Ztschr. f. Krebsforsch. 32:259, 1930. 

Owing to the fact that immigrants to Hamburg consist almost entirely of young 
persons, the cancer statistics of that city permit of unusually close coordination as 
regards age incidence. There has been a great increase in late years of persons 
of advanced age. In 1900, 41 per cent of the population was over 30 years of age; 
in 1929, 53 per cent. During this period the general population has increased 1.6 
times, while the incidence of cancer has risen 2.8 times. Under the age of 30 
there has been no increase of cancer. The matter of age, however, is not held 
by Schwanke as the sole factor concerned in this increase, which he ascribes in 
part to the efficiency of modern prophylactic measures against general harmful 
agencies except such as contribute to malignanc 3 L The rise in the cancer rate 
occurred not uniformly, but as successively higher waves. Despite the fact that 
the proportion of females in the population has increased, the relative incidence of 
cancer cases for this sex has decreased from 58 per cent for the period from 
1872 to 1899 to 55 per cent for the period from 1902 to 1929. The statistics showed 
nothing in the way of a definitely reciprocal relationship between cancer and 
tuberculosis. The distribution by organs was as follows : In males 79 per cent, 
and in females, 54 per cent, were located in the alimentary tract; some decrease 
in cancer of the female genital organs was more than balanced by an increase 
of cancer in other organs, especially the breast. Even so, cancer of the aggregate 
sex organs was less frequent in the female se.x than alimentary cancer, a shift 
in distribution that appears to have been in evidence ever since 1872. In males, on 
the other hand, there has been a slight diminution in the incidence of alimentary 
cancer. ^ It would appear that diminished occurrence of cancer in one group of 
organs is associated with an increase elsewhere in the bod.v. 


H. E. Eggers. 
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Adamantinomatous Tumor of the Tibia. C. S. Richter, Ztschr. 1 Krebs- 
forsch. 32:273, 1930. 


There is here reported a tibial tumor o£ a Javanese in which the microscopic 
appearances were those of adamantinoma. This is the second case of the sort to 
be reported. The author regards it as a peculiarly differentiated bone endo- 
thelioma. Eggers. 


Medicolegal Pathology 

Collodion as an Instrument of Suicide. M. Moskow, Ann. de med. leg. ’ 
11:78, 1931, 

The lungs of a suicide were found to contain hardened collodion ramified 
throughout the bronchial tree. That the liquid evidently acted not as a poison 
but as a mechanical agent producing suffocation was demonstrated in an experi- 
mental study in which collodion was poured into the mouths of animals. In the 
majority, choking was followed by aspiration of the liquid and death, and hardened 
collodion was found in the respiratorj' passages. The suicide was complicated by 
the attempt of the victim to strangle himself with a strap, apparently in order to 
relieve the pain caused by penetration of the collodion into the lungs. 

E. M. Barton. 


Status Thymicolymphaticus in Legal Medicine. W. G. Dabrowski, Ann. 
de med. leg. 11:128, 1931. 

Studies were made of thymic and lymphoid tissue from 920 bodies. When death 
occurred quickly, whether due to suicide, to other violence or to fulminating 
disease, the thymus gland and lymphatic tissue were well developed in most young 
undebilitated persons, and no great difference in the development of those tissues 
was found in subjects of the same age group. A persistent thymus or so-called 
status th}"micolymphaticus, therefore, cannot be considered proof of a predis- 
position to sudden death. Indeed, in these observations, proof of status thymico- 
b^mphaticus as an innate constitutional characteristic was lacking. Overdeveloped 
thymic and lymphatic tissue was not found more frequently in suicides than in 
other bodies when death had occurred quickly. g Barton 


Traumatic Appendicitis. P. Wiart, Ann. de med. leg. 11:381, 1931. 

True traumatic appendicitis is extremely rare. The lesions must be shown to 
be inflammation secondary to mild trauma in a hitherto normal organ. If 
traumatization is severe, the condition anatomatically becomes classified with other 
abdominal contusions, whether the appendix was previously normal or diseased. 
All clinical manifestations and sequelae of these conditions should be attributed to 
the accident. When symptoms of appendicitis first appear at a time considerably 
removed from the accident the responsibility of trauma, provided there was a 
previously normal appendi.x, can rarely be established. In industrial accidents 
involving chronically inflamed appendexes only the immediate consequences of 
the accident can be admitted, while in “common law” accidents, the responsibility 
must be divided pro rata between the previous chronic state and trauma that con- 
ceivably might leave a normal appendix uninjured. ^ Barton 


Bloody Spinal Fluid Following an Osteopathic Treatment. M. Treuel, 
Ann. de med. leg. 11:488, 1931. 

Several weeks after a “painful and violent” osteopathic treatment a woman, 
34 years old, with a family histor}' of syphilis and a negative Wassermann reaction 
of the blood had a violent attack of mania. In xanthochromatic spinal fluid 
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under increased pressure there was blood, albumin, a positive Wassermann reaction 
and bizarre changes in the colloidal gold curve. Three weeks later the cerebro- 
spinal fluid was essentially normal. The author believes that the bloody fluid 
was of purely traumatic origin, due to the osteopathic manipulations. 

E. M. Barton. 

Apoplexy or Suicide? Fritz Arndts, Deutsche Ztschr. f. d. ges. gerichtl. 

Med. 17:164, 1931. 

The precarious economic conditions in Germany, which have now extended over 
a long period of time, have led to many fraudulent actions against the insurance 
companies. Persons whose financial status is close to ruin take out high life 
insurance policies with accident indemnity, in order to protect their families 
financially, and, shortly afterward, under inexplicable or mysterious circumstances, 
their sudden death is reported. A pertinent case of this kind is presented in a 
thorough critical analysis, and it is recommended that in every similar instance 
an autopsy by competent medicolegal pathologists should be performed in order 
to clear the situation, with particular view in mind of a possible poisoning with 
modern hypnotics. Miloslavich. 


Mechanism of Sudden Death Following Acute Circulatory Distur- 
bances. Erich Brack, Deutsche Ztschr. f. d. ges. gerichtl. Med. 17:176, 
1931. 

In instances of death due to a massive, suddenly developing hemorrhage, there 
is -a contraction not only of both ventricles of the heart but also of large arterial 
vessels, particularly of the aorta. Thus, the blood is forced into the peripheral 
parts of the body, into the body cavities (internal hemorrhage) or to the outside 
(external hemorrhage), rapidly causing death. The parenchymatous organs do 
not show any marked signs of anemia, such as are constantly observed in cases 
of slowly occurring bleeding in the gastro-intestinal canal or from the female 
genital tract. Minute injuries to the walls of the heart, especially to the ventricles, 
or to the large arteries, such as the aorta, carotids, etc., may not cause any alarming 
symptoms and may gradually heal up. The simultaneously traumatized peri- 
vascular sympathetic plexus contracts the injured vessel, giving it a chance to 
cover the area with thrombotic material. Persons suffering with hypertension 
usually show profuse uncontrollable hemorrhages due to lack of the normal vaso- 
constrictive regulation, and the internal organs present higher degrees of loss 
of blood, as in instances of ordinary acute hemorrhages. Organs, such as the 
kidney, liver or spleen, may show a normal amount of blood if a topographically 
distant artery is severed. An abundant loss of blood (up to 2 liters) is endured 
far more easily by females than by males. The sudden constriction of the arterial 
system, as observed in various traumatic incidents, displaces the blood volume 
into the veins, and all the internal organs present a deeply cyanotic appearance, 
contributing to the suddenness of death, A similar mechanism and conditions 
are met with in cases of asphyxia due to mechanical obstruction of the upper 
respiratory tract. The rapidly developing increase of blood volume (plethora), 
as in acute alcoholism, is evidenced at autopsy by a dilatation of the entire arterial 
tree, and the left ventricle of the heart is dilated while the right ventricle is 
rather contracted and the cavae collapsed. In certain cases of fatal hemorrhage 
due to injury, one finds an extremely pale skin and testicles, while the internal 
organs exhibit a marked congestion. This abnormal blood supply is undoubtedly 
the effect of vasomotor action. Changes in the left branch of the conducting 
system of the heart, which often are difficult to establish, cause sudden death from 
a severe attack of the Adams-Stokes’ type. Cor bovinum, which results from a 
mihary myocardial fibrosis, leads to unsuspected death because of an e.xcessive 
rapidly occurring blood supply to the myocardium. The so-called aorta anousta’ 
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as found in certain cases of acute lethal circulatory disturbance, is the result of a 
vasomotor contraction. In a certain group of cases, diffuse dilatations of peripheral 
arteries, as those at the base of the brain or in the kidneys and heart, constitute 
the only anatomically detectable evidence of acute circulatory distress. Micro- 
scopic thrombosis of various organs, particularly of the brain, as seen in various 
poisonings, certainly forms the anatomic basis of sudden death. Pronounced con- 
gestion of the suprarenals at their corticomedullary boundary hinders the function 
and obstructs the transportation of the secretions of these vital organs, leading 
to their acute insufficiency. L. Miloslavich. 

Medicolegal Importance of Certain New Electropathologic Findings. 

A. D. KAplan, Deutsche Ztschr. f. d. ges. gerichtl. Med. 17:217, 1931. 

In the course of an electrical current of high tension, between the entrance 
and exit, one may find typical cutaneous burns on the surface of the body, partic- 
ularly if the skin was folded or the extremities bent, as in the groin or armpit, 
such burns may indicate the position of the body at the time of accident. The 
spindle-like appearance of the cells of the malpighian layer is not characteristic 
of an electric mark, as similar changes are observed in ordinary burns, as, for 
instance, in those produced by a cautery. But changes of the various tissue 
structures beneath the epidermis, such as a marked elongation of the epithelial 
elements (protoplasm and nuclei) of the sweat glands, elongation of the endothelial 
cells of the capillaries and tears of blood vessels with perivascular hematoma, in 
connection with changes of the malpighian layer, are the result only of an electrical 
burn. The development of irregularly (zigzag) formed, tearlike channels in the 
hyalinized connective tissue of the cutis is of particular significance, as such forma- 
tions do not occur in ordinary burns. L. Miloslavich. ' 


Complications Following Endocardiac Injections. Waldem.a.R' Weimann, 
Deutsche Ztschr, f. d. ges. gerichtl. Med. 17:244, 1931. 

Injections of epinephrine into the heart may lead to some une.xpected complica- 
tions. There are instances in which the internal mammary artery was punctured 
and a severe hemorrhage followed, or in which the lung was pierced and a pneumo- 
thorax developed. In the case described, subepicardial branches of the left 
coronary artery were punctured by repeated insertions of the needle, with the 
subsequent development of a hemopericardium. g Miloslavich 



Society Transactions 


PATHOLOGICAL SOCIETY OF PHILADELPHIA 

Oct. 8, 1931 

Balduin Lucre, President, in the Chair 

Some Problems of Bacterial Respiration. Marjory Stephenson, 
Biochemical Department, Cambridge University, England. 

The fundamental problem which the anaerobic cell has to solve is that of 
finding an efficient substitute for oxidation by molecular oxygen as an energy- 
delivering process. Several mechanisms have been adopted for this purpose: 

1. The exothermic fission of the hexose molecule into two three-carbon com- 
pounds. These subsequently rearrange themselves into stable compounds of lower 
energy content than the original hexose. The familiar alcoholic and lactic fermen- 
tations are examples of such anaerobic mechanisms for delivering energy : 

CoHiiOo = ZCsHoOa -f 22.5 Kinetic Calories. 

CoHiaOo = 2C2 HgOH + 2C02 -f 22.0 K. Cals. 

Both are greatly inferior quantitatively to the oxidative mechanism : 

CoHiaOa -f 60= = 6CO= + 6H=0 + 674 K. Cals. 

2, Other mechanisms consisting essentially in replacing oxygen by some other 
substance to act as a hydrogen acceptor in the oxidative process. Thus lactic 
acid may be reduced to pyruvic acid either by the aerobic process of the reduction 
of oxygen to water or by the anaerobic processes of the reduction of nitrate to 
nitrite. Other substances capable of replacing oxygen are: fumaric acid by 
reduction to succinic; aspartic acid by deamination to fumaric and subsequent 
reduction; glycerol by reduction to dimethylene glycol, and carbon dioxide by 
reduction to methane. The ability to use these very various substances as oxidiz- 
ing agents depends on specific activating enzymes, the possession of one or more 
of which enables various bacterial species to function as anaerobes. 

Strict aerobes, such, for example, as the timothy bacillus, possess none of these 
enzjmies, but have, on the other hand, a very complete battery of mechanisms 
activating molecular oxygen. In accordance with this observation, it was shown 
by a series of quantitative experiments that the timothy bacillus oxidizes its sub- 
strate as completely as a typical aerobic animal. 


Regular Meeting, Oct. 30, 1931 

Balduin Lucre, President, in the Chair 

The Annual Gross Lecture; Generalized Osteitis Fibrosa and Its 
Relation to Osteomalacia and Ricrets. F. J. Lang, Professor of 
Pathologj' and Director of the Pathological Anatomical Institute of the 
Universit}’-, Innsbruck, Austria. 

Recent views in regard to the nature of osteitis fibrosa were discussed, espe- 
cially the work of Pommer, who attributes the fibrosis of the bone marrow to the 
result of localized congestion and irritation and considers the evsts as results of 
hemorrhages. 
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The lecturer made extensive studies of tlie relationship between osteomalacia, 
rickets and osteitis fibrosa. He considered that parts of the skeleton subjected 
especially to strain become bent because of insufficient calcification. Owing to 
the peculiar structure and circulatory system of bone, permanent congestion of 
blood and lymph vessels result. The congestion and mechanical irritation then 
lead to osteitis fibrosa. The fibrosis of the bone marrow and formation of bone 
are secondary to circulatory disturbances that follow functional mechanical trauma 
in insufficiently calcified and softened bone. 

In experimental and clinical studies of rickets, scurvy and osteomalacia, the 
lecturer regularly found osteitis fibrosa. Localized osteofibrotic changes are also 
observed in inflammatory processes, as in odontogenetic osteitis fibrosa of the jaw, 
in the immediate vicinity of metastases to bones, in callus formation and pseud- 
arthrosis, in gout, and near tuberculous and syphilitic lesions of bone. This proves 
the secondarj'^ nature of osteitis fibrosa. In order to establish the basic nature of 
the disease, it was necessary to use exacting histologic methods showing both 
calcified and noncalcified bone, by means of many large sections from various bones, 
seeking the primar}' changes unobscurcd bi' fibrosis. Without such careful methods, 
incorrect diagnosis of primar}' osteitis fibrosa will be made. 

The peculiar structure of bone and its circulatory system permit only a slight 
compensatory adaptation to circulatory disturbances. This and the irritation 
caused by the use of the bone under the given conditions are largely responsible 
for the origin of osteitis fibrosa. The functional point of view has proved to be of 
importance in explaining the relation between osteitis fibrosa, osteomalacia and 
rickets. 



Book Reviews 


Pathologie und Klinik in Einzeldarstellungen. Herausgegeben von L. Aschoff, 

H. Elias, H. Eppinger, C. Sternberg und K. F. Wenckebach. Band III. 

Die Lebensvorgange im normalen Knorpel und seine Wucherung bei 

Akromegalie. Von Professor Dr. J. Erdheim, a. d. Professor an der 

Universitat Wien. Paper. Price, 18 marks. Pp. 160, with 31 illustrations. 

Berlin: Julius Springer, 1931. 

The monograph is divided into four chapters. The first discusses the pro- 
gressive changes during advancing age in the normal costal cartilage. The mode 
of origin and the histologic structure of the three cortical layers and of the 
nucleus of the costal cartilages are described. The degenerative changes appearing 
with advancing age are detailed, and the influence of these on the changes in the 
elasticity of the cartilage is coordinated. The healing and restoration that follow 
degeneration, especially in the nucleus of the cartilage, are also detailed. The 
chapter ends with a description of the costochondral junction, of the regressive 
changes occurring at the junctions, of the cement lines, of chondrophyte formation 
and, finally, the changes appearing in the cartilages during calcification. 

The second chapter relates the changes found in the costal cartilages of a 
woman 71 years of age who suffered from clinical acromegalia for four years, and 
in whom at autopsy a small tumor was found in the anterior lobe of the pituitary 
body. The gland weighed 2.35 Gm. Death was due to apoplexy and broncho- 
pneumonia. The bones were normal. 

The cartilages, especially the costal, showed what Erdheim designates as the 
specific changes of acromegalia. This consists of enlargement of the second cortical 
layer due to hypertrophy and hyperplasia of the cells and an increase of the 
basophilic ground substance. This enlarged, thick layer appears white in the 
gross. On the contrary, in normal cartilages the second cortical layer is thin 
and yellow. The cartilage growth begins at the costochondral junction. Here 
it is most extensive, and a rosary results. The thickness of the cartilage diminishes 
as the sternum is approached. Erdheim indicates that in young adults with acro- 
megalia proliferation of the costal cartilages may be much more extensive and 
much more uniform than in the case being described, and that other cartilages 
(epiphyseal) may participate in the general growth process. 

The third cortical layer and the nucleus do not participate in the hypertrophic 
and hyperplastic process in advanced life, because they undergo degeneration. In 
the rib cartilages of patients with acromegalia numerous small and large spaces 
appear in these zones. The cavities result from resorption by tissue fluids and 
are most numerous near the costochondral junctions. Many become filled with 
connective tissue, but they may also contain cartilage debris. On the other hand, 
the connective tissue contained within these spaces may undergo cartilaginous 
transformation. Marrow may extend from the bony portion of the rib into the 
degenerated cartilage nucleus, and free hemorrhages may be present. Of the 
changes described, the one most stressed is proliferation and hypertrophy of the 
second cortical layer. 

The third chapter deals with acromegalic changes in the joint cartilages. 
Erdheim also found specific changes, and he distinguishes them from those observed 
in primary arthritis deformans. They consist of hyperplasia and hypertrophy of 
the cells of the deeper portion of the articular cartilage. It is similar to the 
rib in that the proliferating cartilage is at some distance from the perichondrium. 
These changes are therefore distinguished from primary arthritis deformans, in 
which the cartilage proliferation begins on the surface. In acromegalia ulceration 
of the articular cartilage may eventually occur, but it progresses from the deeper 
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portion toward the surface. In this way the changes again differ from those of 
primary arthritis deformans, for in this condition the ulceration is from the surface 
downward. In addition, Erdheim points out that even when the joint cartilage 
changes of acromegalia are advanced, blood vessels do not penetrate the calcium- 
free cartilage, while in primary arthritis deformans vessels enter the calcium-free 
cartilage from the very beginning. The joints both in primary arthritis deformans 
and in acromegalia have peripheral exostoses. 

The fourth chapter deals with the clinical application of the anatomic findings. 
In a few pages there is summarized much that is known concerning the relation 
of the pituitary to bone growth, especially in regard to dwarfism. Erdheim points 
out that a pituitary destruction at a very early age will lead to dwarfism and a 
delay in closure of the epiphyseal cartilage plates. Pituitary hypersecretion leads 
to prolonged endochondral ossification. He restates the recent view that the 
pituitary factor may be more important than the thyroid factor in the pathogenesis 
of cretinism. He speculates that since the pituitary stimulates cartilage growth, 
it may affect metabolism (he apparently means sulphur metabolism). He sug- 
gests that the surgeon consider the use of anterior pituitary preparations to hasten 
the union of fractures or in the treatment for delayed union. (The reviewer doubts 
verj" much whether the present pituitary preparations are sufficiently satisfactory 
to test this point. The local factor in delayed union is beyond question.) He 
advises physiologists and experimental pathologists to investigate the cartilages 
when studying the tissue changes following pituitary experiments. He suggests 
that there may be a pituitary factor in chondrodystrophy in which there is arrest 
of cartilage growth. Erdheim stretches the point when he tries to associate the 
cartilaginous metastases in the lungs of a patient with acromegalia suffering from 
an osteochondroma of the femur with pituitary hypersecretion. 

The monograph bears the stamp of Professor Erdheim’s knowledge of the 
pathologic anatomy of bone. This is a subject in which he has been continuously 
interested since his significant work on the relation of the parathyroids to rickets. 
Figures 2 and 19 show discrepancies between the legends and the markings of the 
photographs. The monograph also suffers from repetition. The book is recom- 
mended for those interested in pituitarj’’ disease and in the pathologic anatomy 
and physiology of bone. 


Anatomic pathologique. By Maurice Letulle, professeur honoraire a la faculte 
de medecine de Paris, medecin honoraire de I’hopital Boucicaut. Avec la 
collaboration de L. Nattan-Larrier, professeur au college de France et A. 
Jacquelin, medecin des hopitaux de Paris; L. Duclos, ophthalmologiste adjoint 
de I’hopital chirurgical Gouin. E.-P. Normand, conservateur du rausee 
d’anatomie pathologique generale Maurice-Letulle (hopital Boucicaut). Three 
volumes. Price, 520 francs. Pp. 2,346, with 843 figures. Paris ; Masson & 
Cie, 1931. 

This is a posthumous work. The manuscript was completed by Maurice Letulle 
a few weeks before his death. In response to his expressed wish, it is published 
without any changes. In the preface by the author’s son, Raymond Letulle, he 
states that the section on the mammary gland has been added because no such 
section was found among his father’s papers. The chapters on the blood and on 
the visual apparatus were prepared in collaboration with A. Jacquelin and L. Duclos, 
respectively. 

The work comes in three volumes, each containing more than seven hundred 
pages numbered consecutively, with an alphabetical index and an anabhic table of 
contents at the end of the third volume. In neither the index nor the table is 
there an}' mention of the volume in Avhich any particular page occurs, and the 
pages in each volume are not given on its back, a defect easily remedied, however, 
by marking the pages in each volume on the back. The binding is not substantial. 
The type is clear and easy to read, and the pages are pleasant to the eye. The 
illustrations, 843 in all, all in black and white, mostly drawings, all original, made 
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and arranged with taste and care, are of high and uniform excellence, in some 
cases perhaps a little too diagrammatic, but taken all in all of superior instructional 
value. 

In the text as well as in footnotes reference is made frequently to other writers 
whose names are given, but without mentioning the place and time of publication, 
thus saving space and labor without much serious loss in view of the exteirt to 
which the medical literature now has been indexed in readily available forms. 
Only a very few American writers are quoted (blastomycosis is not mentioned). 

The text is divided into a general part, devoted mainly to inflammatory processes 
and tumors. Then come sections on the circulatory and respiratory apparatus, 
the blood and blood-making organs, the digestive organs, the urogenital organs, 
the endocrine gland, the nervous system and the visual apparatus. The skin, the 
ear and the locomotive apparatus do not receive separate consideration. The 
section on the nervous system is incomplete: epidemic poliomyelitis, encephalitis, 
herpes, syringomyelia, etc., are not discussed. 

The discussion is confined strictly to the gross and microscopic morphology 
of morbid lesions. The descriptions are clear, graphic and orderly. The lesions 
of syphilis and of tuberculosis are described e.xcellently. The treatment of the 
lesions of S3'philis in descriptive text and by illustrations merits special commenda- 
tion. The illustrations of buccopharyngolaryngeal sporotrichosis are striking. As 
would be expected, the fungus of sporotrichosis is named erroneously Sporotrichum 
beurmanni in place of Sporotrichum schenckii. Curiously, there are no illustrations 
of the cells of the blood, and the recent developments in the cytology of leukocytes, 
endothelial cells and wandering cells are not considered. The reticulo-endothelial 
system is not considered as such. The tumors in general, and particularly the 
melanomas, are well, described and illustrated. 

Letulle’s “Anatomic pathologique” is an interesting and valuable book. It gives 
a good picture of the French teachings in its field, and certainly merits a place 
in medical libraries. 

Hieronymi Fracastorii de Contagione, et Contagiosis Morbis et eorum 
Curatione, Libri III. Translation and Notes by Wilmer Cave Wright, 
Ph.D., Professor of Greek in Bryn Mawr College. Cloth. Price, $4.50. 
Pp. 356. New York : G. P. Putnam’s Sons, 1930. 

Fracastorius, 1478-1553, is known best as the author of the famous poem 
“Syphilis,” which was published in its final form in 1530 and in which he treats 
of the disease that since has borne the name he gave the poem. Numerous editions 
in Latin and several translations of the poem have appeared. A far more important 
work by Fracastorius is his prose treatise “De Contagione, et Contagione Morbis 
et eorum Curatione,” published in 1546 and now for the first time translated into 
English. The translation is published as the second volume of the History of 
Medicine Series issued under the sponsorship of the Library of the New York 
Academy of Medicine. 

In this book infectious diseases are considered for the first time under three 
groupings, namely, infections by direct contact, infections carried by intermediate 
agents, or formites as Fracastorius named them, and infections that come through 
the air from a distance. The discussion is carried on in terms that suggest a 
truly remarkable prevision of the discoveries in microbiology more than three 
hundred years later. Typhus is recognized as a distinct disease, and other dis- 
eases (syphilis, tuberculosis of the lungs, plague, rabies, exanthems) are considered. 
The translation and notes are the product of mature and thorough scholarship. 
The introduction gives a most interesting account of the life of Fracastorius 
and the bibliography lists the important editions and translations of his books, as 
well_ as biographies and pertinent general works. A great medical classic has . 
received a worthy English setting. 



Books Received 


Chemical Methods ix Clinical Medicine. By G. A. Harrison, B.A., 
M.D., B.Ch., M.R.C.S., L.R.C.P., Reader in Chemical Pathology in the University 
of London; Reader and Lecturer on Chemical Pathology in St. Bartholomew’s 
Medical College. Cloth. Price, $5.25. Pp. 534. New York: The Macmillan 
Company, 1930. 

Verhandlungen der deutschen pathologischen Gesellschaft, Im 
Auftrage des Vorstandes herausgegeben von dem derzeitigen Schriftfiihrer G. 
Schmorl in Dresden. Sechsundzwanzigste Tagung gelialten in Miinchen am 9.-11. 
April, 1931. Pp. 423. Mit 193 Abbildungen im Text und 11 Tafeln. Jena: 
Gustav Fischer, 1931. 

The Quantitative Estimation of Vitamin D bv Radiography. By R. B. 
Bourdillon, H. M. Bruce, C. Fischmann and T. A. Webster. Medical Research 
Council, Special Report Series, No. 158. Price, 6 pence, net. Pp. 46. London: 
His Majesty’s Stationery Office, 1931. 

The Influence of Diet on Caries in Children’s Teeth (Interim 
Report). By the Committee upon Dental Disease. Medical Research Council, 
Special Report Series, No. 159. Price, 6 pence, net. Pp. 19. London: His 
Majesty’s Stationery Office, 1931. 

Surgical Pathology of the Skin, Fascia, Muscles, Tendons, Blood 
and Lymph Vessels. By Arthur E. Hertzler, M.D., Surgeon to the Agnes 
Hertzler Memorial Hospital, Halstead, Kansas, and Professor of Surgery, Uni- 
versity of Kansas. Price, $5. Pp. 301, with 260 illustrations. Philadelphia: 
J. B. Lippincott Company, 1931. 

A System of Bacteriology in Relation to Medicine. Volume 9. Med- 
ical Research Council. Price, per volume, 1 pound, 1 shilling, net. London: 
His Majesty’s Stationery Office, 1931. (It may be obtained from the British 
Library of Information, 5 East Forty-Fifth Street, New York.) 

Ein bewegtes Gelehrtenleben. Erinnerungen und Erlebnisse, Kampfe 
UND Gedanken. Von Otto Lubarsch. Pp. 606. Berlin: Julius Springer, 1931. 

Hieronymus Fracastorius. Contagion, Contagious Diseases and Their 
Treatment. Translation and Notes by Wilmer Cave Wright, Ph.D., Professor 
of Greek in Bryn Mawr College. Pp. 356. New York: G. P. Putnam’s Sons, 
1930. 

Grundriss der Entwicklung des Menschen. Von Dr. Alfred Fischel, o. 
Professor der Embryologie und Vorstand des Embryologischen Institutes der 
Wiener Universitat. Paper. Price, 11 marks. Pp. 141, with 117 illustrations. 
Berlin: Julius Springer, 1931. 

Report of Committee on Standard Practices in the Problem of 
Compensation of Occupational Diseases of the Industrial Hygiene 
Section, American Public Health Association. By Henry H. Kessler, 
kl.D. (Chairman), Bernard S. Coleman, Emery R. Hayhurst, M.D., Ceorge M. 
Price, M.D., May R. Mayers, M.D., Elizabeth B. Bricker, M.D., R. R. Sayers, 
M.D., and Eleanor Rantoul. Paper. Price, $1.50. Pp. 124. New York : American 
Public Health Association, 1931. 

Les extraits pancreatiques desinsulinIjs en therapeutique. Par R. 
Giroux et N. Kisthinios, assistants a la clinique therapeutique de I’Hopital de la 
Pitie. Preface du Professeur H. Vaquez. Paper. Price, 16 francs. Pp. 126, 
with 9 illustrations. Paris : Masson & Cie, 1931. 
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Abnormalities : See Anomalies and Deformities ; 

and under names of organs and regions 
Abortion, criminal, 503 

Abscess, sporadic cellulitis and abscess due to 
streptococcus epldemlcus, 1031 
Acetylplienylliydrazine, nature of erytlirocytlc 
damage produced by acetylplienylliydrazine 
in vivo and in vitro, 320 
Acid, lactic acid in blood in children, G47 
lactic acid in blood of newborn, 049 
nucleic, color reactions of, 484 
oxalic acid in blood, 1022 
oxidation of fatty acids of serum in anemia, 
12G 

silicic acid content of blood in tuberculous 
patients, significance of, 843 
Acid-base equilibrium, hydrogen-ion concentra- 
tion and acid-base equliibrium in normal 
pregnancy, 482 
Acrocyanosis : See C.vanosis 
Actinomycosis, etiology and pathogenesis, 844 
generalized actinomycosis (pyemic form), re- 
port of a case, *397 

pulmonary "pseudo-actinomycosis” (chromo- 
blastomycosis?) in a capybara due to a 
hyphomycete producing ray fungi in tissue, 
326 

starting as appendicitis with extensive vis- 
ceral involvement, 839 

Adamantinoma, primary malignant adamanti- 
noma of ovary, 1041 
primary, of tibia, 501, 1042 
Adenocarcinoma, action of magnesium on, of 
rat, 309 

quadruple inoculations of, 501 
Adenoma, hyperlnsulinlsm from B-cell adenoma 
of pancreas, 282 
Intestinal, in swine, 500 
Adrenals; See Suprarenals 
Agglutination, autohemagglutination, G57^ 
isohemagglutination : work of Jan Jansky with 
a critical analysis, 130 
Agglutinins, experimental studies on formation 
of agglutinins and precipitins, 659 
group-specific human hemagglutinins, 300 
production in suprarenalectomlzed rats, 1037 
Agranulocytosis ; See Angina 
Alcohol, detection at autopsy, 314 
in blood and brain, determination of, GG4 
Alkalosis and carbohydrate tolerance In malig- 
nant disease, 308 

Allergy : See Anaphylaxis and Allergy 
Amebiasis, comparative study of amebiasis In 
man, monkeys and cats, with special ref- 
erence to formation of early lesions, 327 
Ampulla: See A'’ater’s ampulla 
Amyloid bodies, histogenesis of ams'loid bodies 
in central nervous sy.stem; role of microglia 
in formation of amyloid body, *229 
Amyotoma : See Myatonia 
Anaphylaxis and Allergy ; anaphlylactic and 
tuberculin types of hypersensitiveness, 299, 
492 

anaphylactic shock from intracerebral Injec- 
tion of antigen, 844 

anaphylactogenic action of protein from fil- 
trates of acid-fast bacteria, 299 
congenital protein hypersensitiveness in 2 
generations, 298 

hypersensitiveness to soluble specific sub- 
stances from yeast-like fungi, 470 


Anaphs’laxls — Continued 
influence of dehydration on anaphylaxis in 
guinea pigs, 1035 

local organ hypersensitiveness (rabbit's eye), 
G35 

organ metabolism by tissue activity and ana- 
phylaxis, G3S 

pulmonary permeability in dogs in relation to 
anaphylactic shock, 130 
skin ns an Immunological organ, 1035 
transmission of sensitization from mother to 
child, 494 

Anderson, R. ^I. : Experimental pathology of 
liver; restoration of liver of white rat fol- 
lowing partial surgical removal, *18G 
Anemia, Bartonella anemia in nonsplenecto- 
mized rats, *405 
Bartonella murls, 1026 

Bartonella murls ; compensatory phenomena 
following splenectomy In adult albino rat, 
676 

Bartonella murls ; pathogenic changes dur- 
ing acute anemia, 675 
catalase action and glutathione content of 
erythrocytes in, 649 

cerebral, functional disturbances in central 
nervous system in, 832 
erj’throleukosis and anemias, of fowl, *1 
experimental, relation of sulphur to, 140 
grave anemia In pregnant women from ben- 
zene intoxication, 310 
oxidation of fatty acids of serum In, 126 
pernicious, “acid deficit” in, 634 
pernicious, effect of liver treatment on ana- 
tomic changes in, 125 
splenic, (Gaucher’s disease), 146 
splenic, pathologic anatomy of Gaucher’s dis- 
ease, 1020 

Aneur.vsm, ruptured, of ductus arteriosus, 835 
Angina ; agranulocytosis, 289 
anatomic changes in agranulocytosis, 838 
bone marrow in agranulocytosis, 142 
Angioneuromyoma, 852 

Aniline, late complications of poisoning by ani- 
line or similar substances, 311 
Anomalies and deformities ; asymmetry of 
head and face, 475 

syndrome characterized by congenital clouding 
of cornea and other anomalies, 470 
Anthrax Infection, tissue specificity in, 486 
spores of bacillus anthracls, 1030 
Antibodies : See Antigens and Antibodies 
Antigens and Antibodies ; extirpation of anti- 
genic depot and antibody production, 300 
absorption experiments with hemolytic anti- 
bodies, 497 

antibodies in urine after injection of anti- 
toxic globulin, 298 

immunologic specificity of antigens of brain, 
146 

nature of antibodies, 1037 
quantitative aspect of hypothetical Incorpora- 
tion of injected antigen in resulting anti- 
body, 1036 

separation of hemolytic antibodies fl.xed by 
kaolin and their amboceptor function, -fOS 
specific antigens and antibodies of brain, 497 
Antitoxin, surface phenomena in reaction of 
toxin and antitoxin, 495 
transmission to third generation, 300 
Aortas, lipoid deposits in aortas of infants, 645 
Aortitis, pathogenesis of perforating purulent 
aortitis and its sequelae, 124 
thrombotica, 836 

Apoplexy : See Brain, hemorrhage 
Apparatus, new brain slicer, *90 
Appendicitis, actinomycosis starting as appen- 
dicitis with extensive visceral Involvement 
839 

traumatic, 1042 
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Appendix, demonstration of perforation of, *598 
method of cutting and sectioning, *598 
method for examining, *598 
Aqueduct of Sjdvius : See under Brain 
Arecallium hydrobromicum, fatal poisoning 
with, 664 

Argentaffine, morphology of so-called argen- 
taffine cells in pancreas, 1019 
Arnold, B. Menstruation and focal reactions. 
141 

Arsenic, stimulating effect of arsenic on clilcken 
sarcoma, 502 

Arsphenamine, role of diet in protecting against 
liver injury by, 830 

Artei-ies : See also Aneurysm ; Aorta ; Arterio- 
sclerosis ; Blood pressure ; Embolism : 
Thrombosis ; etc. 

anomalous origin and course of left coronary 
artery, *586 

changes of arteries in increasing age, 1020 
coronary, abnormal origin of left coronary 
arter 3 ’, 124 

direct communications between arteries and 
vein in rabbit's ear, 285 
experimental arteritis and arteriosclerosis as- 
sociated with streptococcal inoculations, 
*924 

isolated giant growth of branch of pulmonary 
artery associated with congenital bronchiec- 
tasis, report of case, *387 
pulmonary, progressive thrombosis of, 477 
Arteriosclerosis, experimental arteritis and 
arteriosclerosis associated wltli streptococ- 
cal inoculation, *924 

hypervitaminosis D and arteriosclerosis. *941 
pulmonary, obliterative. 478 
Arthritis deformans, assimilation of atlas and 
compression of medulla ; clinical signifi- 
cance and pathology of torticollis and 
localized chronic arthritis deformans of 
spine; report of a case, *333 
Asbestosls bodies in feces in pulmonary asbes- 
tosls, 855 
pulmonary, 642 
report of 2 cases, *909 

Aschheim-Zondek test, modified, for pregnancy, 
854 

Asthma, death in asthma, witli autopsy, 644 
transmission of sensitization from motlier to 
child, 494 

Astrocytoma of cerebrum showing extensive in- 
volvement of opposite cerebral hemisphere, 
501 

Asymmetry of head and face in infants and 
in children, 475 

Atlas, assimilation of atlas and compression of 
medulla ; clinical significance and patliologj- 
of torticollis and localized chronic arthritis 
deformans of spine, report of case, *333 
Autohemagglutination ; See Agglutination 
Autopsies ; postmortem examinations in Xew 
York City, recommendations about, 633 


BCG: See under Tuberculosis 
Bachman precipitin test and liuman trichinelia 
infections, 296 
Bacillus : See Bacteria 

Bacteria : See also Diphtheria bacilli ; Dj’sen- 
tery, bacilli; Tubercle bacilli; etc. 
acidi-lactici, case of endocarditis due to. 
672 

.fcrogenes capsulatus, action of Congo red on 
streptococcal and B. welcliil hemolj’sin, 658 
aerogenes capsulatus; spores of Clostridium 
welchli, 1030 

aertrj'cke : See Bacteria suipestifer 
Brucella abortus, 301 

Brucella abortus, cutaneous hj’persensitive- 
ness in guinea-pigs infected with Brucella 
abortus, 131 

Brucella abortus from a human fetus, 485 
Brucella abortus Infection, 1030, 1032 
Brucella bacteriophage. 489 
Brucella cultures, acidltj’ in, 487 
Brucella infections in Tunis and in Malta, 
294 

colon-aerogcnes organisms, 507 


Bacteria — Continued 

culture media, egg yolk agar medium in tu- 
berculosis, 487 

culture medium, Hohn's medium and thick 
seeding of sediment, 842 
do brotli culture filtrates contain a bacterial 
growth-inhibiting substance? 1025 
ontoritidis ; relation of temperature and hu- 
midity to covwse of a B. enterHldls Infec- 
tion in white mice, 051 
flltrable forms of, 128 

granulosis in relation to trachoma; its patho- 
genocity for various monkeys and apes. 
1033 

granulosis, inoculation with, 840 
liemolyticus, 1032 

lactic acid ; meningitis due to bacillus acidi- 
lactici in a new-born infant, 1023 
metabolism ; a summary, *95 
of genus hemophilus rvltli regard to X and 
V growtli factors, 650 
respiration, some problems of. 1045 
Salmonella, agglutination and related pl>e- 
nomena, 657 

Salmonella, new serological type of, 658 
Salmonella organisms, new lithium selective 
and enrichment methods for isolation of, 
855 

.sordollil ; septic peritonitis in man due to Ba- 
cillus sordollii ; report of case, *245 
suipestifer, changes in blood sugar and blood 
phosphorus in rabbits following injection of 
suspensions of, 490 

wolchli : See Bacteria aerogenes capsulatus 
Bacteriology, doctorates in bacteriology and 
pathology granted by American universities, 
1930-1931, 468 

Monaco prize for work in bacteriology to 
• Sfartln R. Vcillon, 467 
Bacteriophage and enforced dissociation, 480 
antigenic ptoporlles of, 130 
Brucella, 489 

specificity of so-called diagnostic bacterio- 
phages, 600 

Bacteriotropin, mechanism of action of bacterlo- 
tropin : relative degree of phagocytosis by 
polymorphonuclear leukocytes and fay mono- 
cytes, 137 

Balantidium coll, cultivation, 650 
Barker, P. S.: Character of excitation wave 
in auricular muscle, 134 
Bartonella anemia in nonsplenectomized rats, 
*405 

muris anemia, 1026 

murls anemia ; compensatory phenomena fol- 
lowing splenectomj' in adult albino rat, 676 
muris .anemia : pathologic clianges during 
acute anemia, 675 

Basedow’s Disease : See Goiter, exophthalmic 
Beck, C. S. : Pathology of Pick’s disease, 138 
Becks, H, : Experimental I’ickets and calcifica- 
tion of dentin, *358 

Bolding, D. B. : Yariations in temperature of 
healthy and tuberculous birds, 135 
Benson, K. L. ; Experimental arteritis and ar- 
teriosclerosis associated with streptococcal 
inoculation, *924 

Benzene, grave anemia in pregnant women from 
benzene intoxication, 310 
Benzol ; See Benzene 

Bezl. I. ; Assimilation of atlas and compression 
of medulla ; clinical significance and pa- 
thology of torticollis and localized chronic 
arthritis deformans of spine, report of case, 
*333 

Bibliograpliy, departmental hlI)liograi)liy in 
place of collected reprints, 033 
Bier spots, relation of nervous, system to a 
patcliy Ischaemia (Bier’s spots) in animals, 
044 

Bile ducts, congenital obliteration of, 045 
ducts, hamartomas of intrahepatic bile ducts 
and their relations to cystic liver, 852 
peritonitis ; cliemical changes in blood of 
dog in experimental bile peritonitis, 482 
peritonitis, fat necrosis in, *70 
tract, anomaly, 640 
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Bilirubin, serum and plasma bilirubin; com- 
parative study of 100 cases, 511, 854 
Biological Photograpliic Association, 1014 
Biopsy specimens, now technic and instrument 
for obtaining, 854 

Bladder, incidence of cancer of bladder and 
prostrate in certain occupations, 003 
Blair, J. E. ; Availability of calcium reserve of 
spongy trabeculae and compact bone in ex- 
perimental hyperparathyroidism, 142 
Sites of decalelflcation and bone lesions in 
experimental hyperparathyroidism, *715 
Bloch, E. G. : Experimental infection tuberculo- 
sis, 130 

Blood; See also Erythrocytes; Leukocytes 
action of blood of pregnant women on frog 
larvae, 831 

age of Ij’mphocytes in peripheral blood, 635 
alcohol in blood and brain, determination of, 
004 

bilirubin of plasma and serum, comparative 
study of 100 cases, 511, 854 
changes in blood and renal function after 
removal of celiac and superior mesenteric 
ganglions and left adrenal gland, 285 
changes in blood sugar and blood phosphorus 
in rabbits following injection of suspensions 
of Bact. aertrycke, 490 
cliemical changes in blood of dog in experi- 
mental bile peritonitis, 482 
chemistry of blood in thrombo-angiitis 
obliterans (Buerger), 1021 
cholesterol and edema, G47 
cholesterol, effect of radiation on blood 
cholesterol in malignant disease, 307 
cholesterol, new method for determination of, 
666 

comparative toxicity of blood after arterio- 
tomy, asphyxiation and Injuries to brain, 
281 

fibrin, globulin and albumin in blood plasma, 
method for determination of, 650 
fibrinopenia, 119 
glutathione in disease, 483 
groups, inlierltance of, 312 
groups, relation between Wassermann re- 
action and blood groups, 499 
hemorrhage and “shock” in traumatized 
limbs ; changes in total, free and bound 
water of blood and muscle, *869 
heredity of agglutinogens M and N of Land- 
steiner and Levine, U’ith particular refer- 
ence to determination of paternity, 679 
histiocytes in peripheral blood, 477 
hydrogen-ion concentration and acid-base 
equilibrium in normal pregnancy, 482 
influence of Intravenous injection of urea on 
exchange of substances between blood and 
tissues, 831 

iodine in blood in exophthalmic goiter, 484 
iodine in blood of patients suffering from 
cancer, 501 

iron content of, value of determinations of, 
648 

lactic acid in blood of newborn, 649 
lactic acid In blood in children, 647 
nonprotein nitrogen determined by direct 
nesslerization, 1022 . 

nonprotein sulphur in blood, plasma and 
serum and glutathione sulphur in blood, 
1022 

occurrence of serologic factors M and N in 
Japanese, 1038 

oncogenic factor In blood and organs of 
animals with inoculation tumors, 309 
oxalic acid in, 1022 

pliospliatides and amines of blood in diseases 
of kidney and their relations to hyper- 
tension, 649 

plasma ; preparation of pure and stable 
plasma from mammalian blood by centri- 
fugation, 133 

plasma protein, red-cell sedimentation and 
serum lability of blood in tuberculosis, 648 
Platelet, structure of young blood platelet 
thrombi, 123 

pressure, high ; hypertension in cases of con- 
genital polycystic kidney, 116 


Blood — Continued 

pressure, high ; pliospliatides and amines of 
blood in diseases of kidney and their re- 
lations to hypertension, 649 
pressure, high ; pseudohermaphroditismus 
masculinus externus associated with supra- 
renal hyiierplasia and vascular hyper- 
tension, report of case, *543 
pressure, micro -injection studies of capillary 
blood pressure in Eaynaud’s disease, 284 
silicic acid content of blood in tuberculous 
patients, significance of, 843 
solutions, spectrophotometrlc study of, 139 
stains, interpretation of, 311 
sugar and lactic acid content of blood changes 
caused by burns, 280 

sugar, radon effects upon blood sugar and 
its distribution between cells and plasma, 
474 

transfusion, death after, 667 
tubercle bacillemia in various diseases, 294 
tubercle bacilli in blood in laryngeal tuber- 
culosis, 841 

typing dried, simple method of, 505 
urea in ; experimental studies on reticulo- 
endothelial system ; influence of India ink 
on ratio of urea in blood, *180 
vessels, proliferation of vascular endothelium, 
481 

xanthoprotein, lipoids and dextrose in blood 
serum of persons with cancer, 309 
Bodansky, A. ; Availability of calcium reserve 
of spongy trabeculae and compact bone in 
experimental liyperparathyroidism, 142 
Sites of decalcification and of bone lesions 
in experimental liyperparathyroidism, *715 
Bolkcr, H. ; Serum and plasma bilirubin ; com- 
parative study of 100 cases, 511 
Bollman, 3. L. : Act on of epinephrine In 
depnncreatlzed animals, 141 
Bone, availability of calcium reserve of spongy 
trabeculae and compact bone in experi- 
mental hyperparathyroidism, 142 
disease, plasma phosphatase in, 126 
liposarcoma, primary, 499 
marrow; aplasia of marrow and fatal in- 
toxication in dogs produced by roentgen 
radiation of all bones, 119 
marrow, hemendothelloma of spleen and, 501 
marrow in agranulocytosis, 142 
marrow, panmyelophthisis (atrophy of bone 
marrow), 124 

marrow, reactions of bone marrow in experi- 
mentally induced thrombocytosis, *153 
ossification ; callus formation and calcifica- 
tion, 116 

osteogenic sarcoma-like tumor of metacarpal 
bone, 678 

pathologic altei'atious in bone structure, 
melliod of Investigating, 666 
shadows produced by lead in x-ray pictures 
of growing skeleton, 287 
sites of decalcification and of bone lesions in 
experimental hyperparathyroidism, *715 
syphilis; correlation of roentgenologic picture 
with anatomic changes in congenital 
osseous syphilis, 287 

tumor; metastasis of “benign” giant-cell 
tumor of bone. 502 

tumors developing after x-ray treatment of 
bone and joint tuberculosis, 851 


Book Reviews: 

Anatomie pathologique ; II. Letulie, 1048 
Antigens in the Light of Recent Investiga- 
tions ; 0. Thomsen, 149 
Approved Laboratory Technic, Clinical, 
Pathological, Bacteriological, Serological, 
Biochemical, Histological; J. A. Kolmer and 
F. Boerner, 864 

Bedside Interpretation of Laboratory Find- 
ings; M. G. Wohl, 858 

Biologie der Person; Ein Handbuch der 
allRemelnen iind speziellen Konstitution- 
slehre; T. Brugsch and F. H. Lewy, 329 
Chemical Methods in Clinical Medicine: G 
A. Harrison, 860 
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Book Reviews — Continued 

Clinical Piagnosls by Laboratory Methods; 

J. C. Todd and A. H. Sanford, 8G1 
Clinical Interpretation of Blood Examina- 
tions ; R. A, ICilduffe, 859 
Clinical Laboratory Methods ; R. L. Haden, 
8G1 

Collective review of recent books on clinical 
pathology, 857 

Culture des Tissus en blologie cxpdrlmentale ; 
E. C. Craciun, SGG 

Einfiihrung in die Medizin ; H. E, Sigerist, 
519 

Factor of Infection in the Rheumatic State; 
A. F. Coburn, 150 

Food Poisoning and Food-Borne Infection ; 
E. 0. Jordan, 330 

Hieronymi Fracastorii de Contagione, et Con- 
tagiosis Morbis ct eorum Curatlone, LibrI 
III; W. C. Wright, 1049 
Histogenese elcto-meso-dcrmaler Mischgesch- 
wiilste. Ein Beitrag zur Frage der 
('■ ■ ' ■ ■ ' 'Spemann) helm 

; P. Schurmann ; 
■ibrock, 151 

Laboratory Medicine; D. Nicholson, 8G3 
Lebensvorgiinge im normalen Knorpel und 
seine Wucherung bei Akromegalle ; J. 
Erdheim, 1047 

Lehrbuch der spezielien pathologischen 
Anatomie fiir Studierende und Aerzte ; E. 
ICaufmann, 516 

Manual of Clinical Laboratory Jlethods ; C. 
L. Cummer, 8G1 

Jlariual of Physical and Clinical Diagnosis ; 

0. Seifert and F. Mueller, 857 
Morphologic der Missbilungen des iMensclicn 
und der Tiere. Ein Hand- und Lehrbuch 
fiir Morphologen, Physiologen, Praktische 
Aerzte und Studierende; G. B. Gruber, 518 
Noguchi ; G. Eckstein, 517 
Oxidation-Reduction Potentials ; L, Michaelis, 
330 

Pathologle und Kllnik in Einzeldarstellungen ; 

L. Aschoff ; H. Elias ; H. Eppinger ; C. 
Sternberg and K. F. Wenckebach, 1047 

Physician of the Dance of Death. A Historical 
Study of the Evolution of the Dance of 
Death Mythus in Art; A. S. Warthln, 149 
Physiopathologie de la thyroide. Diagnostic 
et traitement des goitres; L. Dautrebande, 
08G 

Practical Clinical Laboratory Diagnosis In- 
cluding Interpretation of Laboratory Find- 
ings ; C. C. Bass and F. M. Johns. 8G1 
Protozoan Parasites of Alimentary Tract; K. 

M. Lynch, 866 

Quantitative Clinical Chemistry; J. P. Peters 
and D. D. Van Slyke. 839 
Recent Advances in Forensic Medicine ; S. 

Smith and J. Glaister, Jr., 329 
Regulation of Size as Illustrated in Uni- 
cellular Organisms : E. F. Adolph, 328 
Renal Lesion in Bright’s Disease ; T. Addis, 
and J. Oliver, G85 

Resistance to Infectious Diseases : An E.xpo- 
sitlon of Biological Phenomena Underlying 
the Occurrence of Infection and Recovery 
of Animal Body from Infectious Disease, 
with a Consideration of Principles Under- 
lying Specific Diagnosis and Therapeutic 
Measures ; H. Zinsser, 517 
Sexuellen Zwischenstufen ; R. Goldschmidt, 
148 

Textbook of Laboratory Diagnosis with Clini- 
cal Applications for Practitioners and 
Students ; E. E. Osgood and H. D. Haskins, 
8G3 

Text-Book of Pathology; F. Delafleld and T. 
M. Prudden, 68G 

Text -Book of Pathology; R. Sfuir, GS5 
William Stewart Halsted, Surgeon; W. G. 
MacCallum, 519 

Books Received, 152. 332, 520, 688, 868, 1050 
Boor, A. K. : Growth requirements of gonococcus 
in liquid nonprotein medium, 137 
Boxing match, death following, 313 


Brain, alcohol in, determination of, 664 
and cerebrospinal fluid in experimental 
cerebral embolism, 117 
anemia of, functional disturbances in central 
nervous system in, 832 
astrocytoma of cerebrum showing extensive 
Involvement of opposite cerebral hemisphere, 
501 

atrophy; pathology of Pick’s disease, 138 
cadaveric changes of, 504 
calcium and phosphorus in brain in different 
conditions, 482 

'chondroma; extradural, ventral, 479 
dermoid overlying cerebellar vermis with re- 
view of literature on intracranial dermoids, 
849 

diffuse progressive degeneration of gray 
matter. 120 

hemorrhage ; apoplexy or suicide, 1043 
idiopathic calcification of cerebral vessels, 
123 

Immunologic specificity of antigens of, 146 
injuries; comparative toxicity of blood after 
arterlotomy, asphyxiation and injuries to 
brain, 281 ■ 
injury .and glioma of, 1040 
lesions of brain in influenza, 682 
malformation of brain with hydrocephalus and 
porencephalus, 83G 
melanoblastosis, primary of, 30G 
obstruction of aqueduct of Sylvius, 288 
posttraumatic tardy hemorrhages of, 065 
sheer, "■90 

specific antigens and antibodies of, 497 
traumatic hemorrhage in walls of fourtli 
ventricle, GG5 

tumor of brain with disturbance in tempera- 
ture regulation, 116 

value of brain lipoids as an index of brain 
development, 125 

Branch, A. ; Avian tubercle bacillus infection, 
with special reference to mammals and to 
man; its reported assocl.ation with Hodgkin’s 
disease, *253 

Breast, life history of female mammary gland in 
2 strains of albino mice, 309 
Paget’s disease of nipple : review of literature ; 
clinical and microscopic study of 17 breasts 
by means of whole seriiil sections, "'435 
Breedls, C. : Erythroleukosis and anemias of 
fowl, *1 

Breuhaus, H. C. : Homologous liver as a 
stimulus to hepatic regeneration, '"900 
Bright’s Disease : See Nephritis 
Broca’s center, relation of, to lefthandediiess, 
G34 

Bronchiectasis, isolated giant growth of brjinch 
of pulmonary artery associated with con- 
genital bronchiectasis, report of case, ""387 
Bronchitis, chronic bronchitis with foreign body 
(elastic fibers) reactions in lungs, *222 
Bronchomonillasis, attempts to produce broncho- 
moniliasis in monkeys, G51 
Bronchus, primary carcinoma of, 850 
Brucella : See under Bacteria 
Bryant, A. R. ; Tularemic leptomeningitis ; re- 
port of a case, *917 

Bucher, C. J. ; Asbestosis ; report of 2 cases. 
*909 

Burns, changes in sugar and lactic acid content 
of blood caused by, 280 

Butyl alcohol, use of, in preparation of 
paraffin sections, *599 

Byrom, F. B. : Significance of water b.al.ance 
in epilepsy, 139 

cadavers, dermographlc examinations of dead 
bodies, 311 

Calcification, of subcutaneous _ tissue ("cal- 
cinosis universalis’’) in a child, G34 
Calcium, absorption from gallbladder, 830 
and phosphorus in brain in different con- 
ditions, 482 

effect of Irradiated ergosterol and increased 
calcium on growth of tumor tissue, 308 
Callus formation ; ossification ; and calcifica- 
tion, IIG 
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Cancer : See also Sarcoma ; Tumor ; etc. ; and 
under names of organs and regions 
adenoid c.vstlc carcinoma with generalized 
metastases in 3 cases of basal cell type, 
1039 

alteration of malignancy in metastatic 
growths after removal or Irradiation of 
primary growths, 6C3 
biochemical studies of, 840 
carbohydrate tolerance and alkalosis in 
malignant disease, 308 

Citelll-Plazza reaction in malignant tumors, 
502 

carcinoid tumors of small intestine, 1040 
complement-fixation experiments with alco- 
holic cancer extracts and with other 
synthetic antigens, 498 
complement fixation with alcoholic carcinoma 
extracts, 853 

development from polypi of colon, 138 
effect of certain Internal secretions on growth 
of, 850 

effect of radiation on blood cholesterol in 
malignant disease, 307 

effect of eu- and pseudo-globulin fractions 
of anti-cancer sera on tissue cultui'es, 502 
etiology, tissue transplantation and parasit- 
ism, *983 
in Hamburg, 1041 

influence of aqueous extract of suprarenal 
cortex on growth of, 847 
influence of extracts of suprarenal cortex on 
growth of carcinoma, sarcoma and melan- 
oma, 847 

influence of suprarenalin (epinephrin) on 
growth of carcinoma and sarcoma in 
animals, 307 

iodine content of blood of patients with, 501 
lipoid metabolism in, 853 
mice as indicators of carcinogenic noxae, 310 
occurrence of malignant growth in persons 
with radioactive deposits, 511 
pellagra secondary to benign and carcinomat- 
ous lesions and to dysfunction of gastro- 
intestinal tract, 281 
roentgen carcinoma and sarcoma. 849 
serological diagnosis of, 307 
squamous cell carcinoma in a dermoid cyst 
of ovary, 144 

statistics in New York State for four-year 
period 1925-1928, 308 
far cancer in mice, effects of dyes on, 503 
tar, experimental tar tumors in white rat, 850 
xanthoprotein, lipoids and dextrose in blood 
serum of persons with, 309 
Cannon, P. K. : Immunity of tissues ; conditions 
influencing fixation and destruction of bac- 
teria in tissues, 138 

Carbohydrate tolerance and alkalosis in malig- 
nant disease, 308 

Carbon Monoxide, detection of carbon monoxide 
in exhumed bodies, 50G 
use of Illuminating gas in preparation of 
museum specimens, 133 

Cardiovascular renal disease ; report of a case 
of 3000 years ago, *92 
Carotid body, tumors of, 061 
Carotinoid pigments in birds, 323 
Cartilage, degeneration of articular cartilage In 
bovine joints, 1018 

effects of graded degrees of heat on cartilage 
and on thyroid gland, *590 
heterotransplantation of, *590 
liomoiotransplantation of, *590 
m salivary gland, *31 
Cells, division : mitogenetic radiation, 472 
induced development and histogenesis of plas- 
ma cells, 1019 

Cellulitus, sporadic, and abscess due to strepto- 
coccus epidemicus, 1031 

Cerebrospinal Pluld and brain in experimental 
cerebral embolism, 117 

bloody spinal fluid following an osteopathic 
treatment, 1042 

precipitation with, 127 


Cheatle, G. L. : Paget’s disease of nipple ; re- 
view of literature ; clinical and microscopic 
study of 17 breasts by means of whole 
serial sections, *435 
Chlckenpox-herpes zoster virus, 293 
variola-vaccinia flocculation, 059 
Cholelithiasis: See Gallbladder calculi 
Cholesterol and edema, 047 
In blood : See under Blood 
pathogenesis of Irradiated cliolesterol poison- 
ing, 039 

Chondroma, extradural ventral, 479 
Chondrosarcoma with intravascular growth and 
tumor emboli to lungs, 500 
Chordoma, sacral, 601 

Chromoblastomycosis, pulmonary "pseudo-ac- 
tinomycosis" (chromoblastomycosis ? ) in a 
capybara due to a hyphomycete producing 
ray fungi In tissue, 320 
Clnchopcn poisoning, specifle character of toxic 
cirrhosis In, 040 

Cltelli-Plazza reaction in malignant tumors, 502 
Clawson, B. J. : Nonsyphllitlc aortic valve de- 
formity, *889 

Clostridium Tetanl : See under Tetanus 
Welchii : See under Bacteria aerogenes capsu- 
latus 

Clute, H. JI. : Cancer of thyroid, 310 
Colds, bacteriological study of "colds" on an 
isolated tropical Island, 292 
common, etiology of, 291 
Colemaji, E. H. : Asbestosls ; report of 2 cases. 

Collodion as an instrument of suicide, 1042 
membranes for bacteriologic use, 855 
Colloid bodies in living body and in tissue cul- 
tures, phagocytosis of, 039 
Colon, development of carcinoma from polypi of, 
13S 

Columbia University, departmental bibliography 
In place of collected reprints, 033 
Congo red, action of Congo red on streptococci 
and B. welchii hemolysin, 658 
Copper and iron in Immunity, 055 
in human and bovine milk, 1022 
Cornea, syndrome characterized by congenital 
emuding of cornea and by other anomalies, 

Corson-White, E. P. : Carotinoid pigments in 
birds, 323 

Cranium, atypical gunshot wounds of skull, 313 
injuries, lucid Interval before death after, 310 
roentgenograms in study of intracranial 
hemorrhage in new-born, 044 
tumor of posterior cranial fossa causing vis- 
ual hallucinations, 289 

xanthomatosis with cranial defects (Schiil- 
ler's disease), 832 

Custer, B. P. ; Nature of erythrocytic damage 
produced by acetylphenylhydrazine in vivo 
and in vitro, 326 

Cutler, M. : Paget’s disease of nipple ; review 
f ' clinical and microscopic study 

seVons *4\t 

''®i®cular mechanism in acrocyanosis, 
Cystadenomas, malignant cystadenomas of liver 

ooo * 

Cysts, congenital air cyst of lung, 470 
intrathoraclc, 480 


Damon, L. A. ; Histogenesis of amyloid bodies 
In central nervous system, *229 
Dehydration, influence of dehydration on ana- 
phylaxis in guinea pigs, 1035 
Delaney, P. A. ; Jlixed tumor of scalp, 145 
'‘ov™ H4 '"“^cinoma in dermoid cyst of 

Dengue, location of dengue virus in body of 
mosquitoes, 051 ^ 

^^of,’ '■‘“^''tal rickets and calcification 

Dermatographic examination of dead bodies, 3li 
Dermoid overlying cerebellar vermis with vp 
view of literature on intracranW der^Ids; 
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Dermoid — Continued 

squamous cell carcinoma in dermoid cyst of 
ovary, 144 

Diabetes insipidus, studies on, 280 
sugar content of skin and muscle in diabetic 
and nondiabetic persons, 126 
Diaphragm, anomaly, rare, 834 
Diarrhea, etiology of infectious diarrhea (win- 
ter scours) in cattle, 1025 
Dickar, L. ; Endocarditis due to bacterium 
acidi-lactlcl, 072 

Diet, effect of diet in epidemic infections in 
mice, 490 

Diphtheria, antibodies in urine after injection 
of antitoxic globulin, 298 
antitoxin, absorption of, 303 
antitoxin in human saliva, 494 
antitoxin in human sweat, 1036 
fractions of dift'erent antitoxic quality from 
same serum, 658 

Intracutaneous method of testing diphtheria 
toxin and antitoxin, 303 
loss of diphtheria antitoxin in luiman urine, 
493 

mechanism ot toxln-anttloxin reactions, 
neutralization or destruction of diphtheria 
toxin by tissue, 654 

preclpltins in diphtheria immune serum, 2 
kinds, 498 

specific (immunologic) properties of purified 
toxins, 1038 
toxin, 1032 

toxin, acid precipitation, 494 
toxin, infusion and infusion-free, 494 
toxin, purification and concentration of, 303 
toxin, speed of flocculation of, 494 
Diphyllobothrlum latum, native infestation with, 
889 

Disease, genetics and pathology, 637 
Distomiasis, hepatic, specific Wassermann reac- 
tion in, 496 

Doctorates in bacteriology and pathology 
granted by American universities, 1930- 
1931, 468 

Donaldson, L. : Cellular reaction to infection 
with tubercle bacilli; experiments on testes- 
of normal and immunized guinea-pigs, 135 
Early cellular reaction to tubercle bacilli ; a 
comparison of this reaction in normal and 
tuberculous guinea-pigs and guinea-pigs 
immunized with dead bacilli, *956 
Downs, W. G., Jr. ; Hole of anterior lobe of 
pituitary gland in growth; with reference 
to teeth and maxillae, *37 
DuBois, P. S. ; Chronic bronchitis with foreign 
body (elastic fibers) reactions in lungs, *222 
Ductus arteriosus, aberrant, congenital tracheo- 
esophageal fistula caused by, 508 
arteriosus, patent, with primary bacterial pul- 
monary endarteritis, 476 
Duodenum, carcinoma, prlmarj’, 848 

does carcinoma of duodenum ever arise from 
duodenal ulcers, 848 

obstruction caused by congenital bands, 476 
Duval, C. W. ; Experimental scarlatinal ne- 
phritis in dog, *572 
Dyes ; See also Stains and Staining 
effects of dyes on tar cancer in mice. 503 
Dj'sentery, antigens of Shiga bacillus, 844 
heterogenetlc antigen of Shiga bacillus, 844 
specific precipitating polysaccharide from B. 

dysenteriae (Shiga), 057 
toxin of Shiga bacillus, 843 
Dystrophy, muscular nerve endings in, 635 
muscular, nutritional, 140, 635 


Ear, direct communications between arteries - 
and veins in rabbits, 285 
Echinococcosis, pathologic anatomy of multi- 
locular echinococcus cyst in liver, 1020 
Ectodormoses : See Skin diseases 
Edema and cholesterol, 647 
erythroblastosis with jaundice and edema in 
newly born, 641 
experimental nephrotic, 1015 
Eggers H. E. : Cartilage in a salivary gland. 


Eggers, H, E. — Continued 
Etiology of cancer; tissue transplantation and 
parasiti.sm, *983 

Electricity, accidental injuries by electric cur- 
rents, 312 

medicolegal importance of certain new elcc- 
tropathologlc findings, 1044 
Electrolytes, distribution of electrolytes in 
serum during immunization, 495 
effect on pulmonary epithelium of intrapleural 
injections of, 471 

Embolism, cerebral, brain and cerebrospinal 
fluid in, 117 

chondrosarcoma with intravascular growth 
and tumor emboli to lungs, 500 
malignant endocarditis (pneumococcal) with 
early calcification and calcareous renal 
emboli, 833 

Embryos, repair in vitro of embryonic skeletal 
rudiments after experimental injury, 644 
Encephalitis : Sec also Encephalomyelitis 
and encephalomyelitis in measles, 122 
lethargic : Glasgow epidemic of 1923, 653 
medicolegal significance of, 311 

relation of streptococci to flltrable virus of 
epizootic encephalitis of fox, 488 
Encephalomalacla, histopathology of nutritional 
enceaphlomalacia of chicks, 1019 
nutritional, in chicks, 134 
Encephalomyelitis and enceplialltis in measles, 
122 

disseminated, 121 
postvaccinal, etiology of, *601 
Endarteritis, patent ductus arteriosus with pri- 
mary bacterial pulmonary endarteritis, 470 
Endocarditis, due to bacterium acldi-lactici, 672 
endocarditis process in childhood, *49 
malignant endocarditis (pneumococcal), with 
early calcification and calcareous renal 
emboli, 833 

Endocrine Glands, effect of certain internal se- 
cretions on growth of cancer, 830 
effect of internal secretions upon division 
energy of paramecia, 308 
Endometrloma, origin of : experimental study 
with case reports, 480 

Endometriosis, experimental production of, 833 
Endothelioma, hemendothelioma of spleen and 
bone marrow, 501 

Endothelium, vascular, proliferation of, 481 
Enteritis : See Intestine, disease 
Epidermis ; See Skin 

Epilepsy, significance of water balance in, 139 
Epinophrin : See Suprarenal preparations 
Epithelioid cells, 634 

Ergosterol, effect of irradiated ergosterol and 
increased calcium on growth of tumor tis- 
sue, 308 

e-xperimental ergosterol poisoning, 1018 
liyporvitamlnosis D and arteriosclerosis, *941 
Erythema nodosum, tubercle bacilli in chil- 
dren with, 1023 

Erythroblastosis, Is familial jaundice of new- 
born infants erythroblastosis, 120 
with jaundice and edema in newly born, 641 
Erythrocytes, catalase action and glutathione 
content of erythrocytes in anemias, 649 
effect of injection of trypan blue on rate of 
sedimentation of erythrocytes in inflamma- 
tion, *429 

effect of testicle extract on red cells, 635 
Erythroleukosis and anemias of fowl, *1 
Esophagus, atresia; congenital, with tracheo- 
esophageal fistula, report of 8 cases, *736 
myoma of esophagus with associated diverti- 
cula ; report of 2 instances, *77 
sarcoma of, 1040 

Face, asymmetry of head and face In infants 
and in children, 475 

Ealls, experimental studies of high plunge into 
water, 312 

Eat metabolism, e.xperimental studies in. 484 
necrosis in bile peritonitis : experimental 
study, *70 

Eeces, asbestosls bodies in feces in pulmonary 
asbestosls, 853 
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Feces — Continued 
flora of adults, 1032 
lead in feces and urine, 049 
Fennel, E. A. : Familial congenital atresia of 
intestine, 147 

Ferraro, A. : Histogenesis of amyloid bodies in 
central nervous system, *229 
Ferroslllcon, poisoning from, 504 
Fetus, Brucella abortus from a human fetus, 485 
Fibroblastoma, meningeal fibroblastoma (dural 
endothelioma, meningioma, arachnoid flbro- 
blastoma) , 061 

Fibrinopenla : See Blood fibrinogen 
Filarial periodicity, 129 

Flshback, F. 0. : Experimental pathology of 
liver, *787 

Fistula, congenital absence of 1 kidney with 
urethrorectal fistula, urethral stone and 
concomitant measles, 315 
tracheo-esophageal, congenital, caused by 
aberrant ductus arteriosus, 508 
tracheo-esophageal, with congenital atresia of 
esophagus, report of S cases, *75G 
Flocculation-reaction time in course of Immuni- 
zation and changes of proteins, 495 
Fluids, magnetic susceptibility of body fluids, 
483 

Foreign Body, chronic bronchitis with foreign 
body (elastic fibers) reactions in lungs, 
*222 

tooth in pleural cavity, 288 
Fried, B. M. : Infection of rabbits with tubercle 
bacillus by way of trachea ; studies on de- 
fensive and metabolic apparatus of lungs, 
*089 

Frog larvae, action of blood of pregnant women 
on, 831 

Fungi, hypersensitiveness to soluble specific sub- 
stances from yeast-like fungi, 470 
Furth, J. : Erythroleukosis and anemias of 
fowl, *1 


Galactose in tests of function of liver, 500 
Gallbladder, absorption of calcium from, 830 
calculi, heavy metals in, 128 
function, 1016 
two in 1 person, 835 

Ganglions, changes in blood and renal function 
after removal of celiac and superior mesen- 
teric ganglions and left adrenal gland, 285 
Gangrene, sclerosis of small mesenteric vessels 
with ulceration and gangrene of enteric 
tract, 833 

Gastro-Intestinal Tract, pellagra secondary to 
benign and carcinomatous lesions and to 
dysfunction of, 281 

sclerosis of small mesenteric vessels with 
ulceration and gangrene of enteric tract, 
833 

Gaucher’s Disease ; See Anemia, splenic 
Gay, 3. G. : Experimental pathology of liver, 
*787 

Genetics and pathology, 037 
Genitals, rape and deformity of male sexual 
organs, 314 

Glia cells : See Neuroglia 
Gliomas, calcification in, 849 
Injury and glioma of brain, 1040 
Glomerulonephritis : See under Nephritis 
Glucose, influence of x-ray lesions of intestinal 
mucosa on absorption of glucose and other 
sugars, 471 

Glycerol, effect on growth of tubercle bacillus 
of modification of amount of glycerol in 
tissues, 1024 

Goettsch, M. : Nutritional encephalomalacia in 
^ chicks, 134 

Nutritional muscular dystrophy in guinea-pigs 
and rabbits, 140 

Goiter, exophthalmic, iodine in blood in, 484 
Goldzieher, M. A. : Experimental studies on 
reticulo-endothelial system; Influence of 
India ink on ratio of urea in blood, *180 
Reticulosis, *773 

Gonococcus, growth requirements of gonococcus 
in liquid nonprotein medium, 137 
Goodman, R. : Foreign body in orbit, 070 


Graham, J. E. : Periarteritis nodosa complicated 
by fatal Intraperlcardial hemorrhage ; re- 
port of case, *521 

Grant for study of renal function, 407 
Gray, S. H. : Septic peritonitis in man due to 
bacillus sordellll ; report of case, *245 
Green, G. F. : Experimental pathology of liver, 
*787 

Gruhzit, 0. M. : Relation of sulphur to experi- 
mental anemia, 140 

Gunn, F. D. : Reactions of bone marrow in 
experimentally induced thrombocytosis, *153 
Guy, C. C. ; Congenital diaphragmatic hernia 
associated with an accessory lung, 140 
Pseudohermaphroditismus masculinus externus 
associated with suprarenal hyperplasia and 
vascular hypertension, report of case, *543 

Hall, I. C. : Septic peritonitis in man due to 
bacillus sordellii; report of case, *245 
Hamartomas of Intrahepatic bile ducts and their 
relation to cystic liver, 852 
Hay fever, transmission of sensitization from 
mother to child, 494 

Haythorn, S. R. : Cytologic reactions in experi- 
mental monilial abscesses, 130 
Head, asymmetry of head and face in infants 
and in children, 475 

flat head and nonrachitic soft chest, a new 
S3’ndrome, 475 

injuries by blunt force, 313, 505 
Healey, C. E. : Pseudohermaphroditismus mas- 
culinus externus associated with suprarenal 
hyperplasia and vascular hypertension, re- 
port of case, *543 

Heart, acquired rheumatic pulmonic stenosis 
and insufficiency, 470 

character of excitation wave in auricular 
muscle, 134 

functionally two-chambered, 475 
increase in heart volume in mitral stenosis, 
123 

injections into, complications following, 1044 
morbid anatomy in hyperthyroidism, 478 
myxoma of, 047 

neoplasm of heart valve, primary, 500 
nonsyphilitic aortic valve deformity, *889 
persistent ostium atrovcntriculare commune 
wltli septal defects In a Mongolian idiot, 040 
rhabdomyoma, congenital, 500 
Heat, effects of graded degrees of heat on car- 
tilage and on thyroid gland, *590 
skin reactions produced by alterations of heat 
and x-ray at various time intervals, 118 
Hemachromatosis, brown pigment of, 483 
Hemagglutination : See Agglutination 
Hemangioblastomas, cerebellar, with incidental 
changes of spinal cord, 122 
Hemangio-endothelioma, intravascular hem.angio- 
endothelloma of ovary, 001 
Hemangioma, malignant, of lung with multiple 
visceral foci, report of case, *502 
Hematopoietic System, combined effects of col- 
loidal silver and highly filtered roentgen 
radiation upon hematopoietic sj'stem in 
dogs, 119 

effects of intravenous injection of colloidal 
silver upon hematopoietic system in dogs, 
118 

Hemendothelioma : See Endothelioma 
Hemoglobin, preclpltins, specificness of, 050 
Hemorrhage and "shock" in traumatized limbs ; 
changes in total, free and bound water of 
blood and muscle, *809 
effects of hemorrhage on vascular nervous 
mechanism, 030 

mechanism of sudden deatli following acute 
circulatory disturbances, 1043 
Hemorrhagic diatheses, 280, 837 , 

Hepatitis : See Liver 

Hermaphroditism, pseudohermaphroditismus mas- 
culinus externus associated with suprarenal 
hyperplasia and vascular hypertension, re- 
port of case, *543 

Hernia, diaphragmatic,, congenital, associated 
with accessory lung, 140 
Herpes zoster and chickenpox-virus, 293 
Hewitt,^ W. A.: Use of butyl alcohol in prepa- 
ration of paraffin sections, *599 
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Higgins, G. M. : Experimental patliology of 
liver; restoration of liver of white rat fol- 
lowing partial surgical removal, *18G 
Hirsch, E. F. : Tularemic leptomeningitis ; re- 
port of a case, *917 

. Histiocytes, appearance in peripheral blood, 477 
Histology, frozen unfixed tissue sections for 
histologic study, CGG 

Hodgkin's Disease : See Eympliogranuloma 
Hohn's medium and thick seeding of sediment, 
842 

Hooker, H. F. ; Gaucher’s disease, 146 
Homick, 0. S. : Reticulosis, *773 
Hydatid Cyst : See Echinococcosis 
Hydrocephalus, malformation of brain wltli 
hydrocephalus and porencephalus, 830 
'Hydrogen ion concentration and acid-base . 

equilibrium in normal pregnancy, 482 
Hydrophobia ; See Babies 

Hyperinsulinism from B-cell adenoma of pan- 
creas, 282 

Hypersensitiveness : See Anaphylaxis and Al- 
lergy 

Hypertension : See Blood pressure, liigh 
Hypertliyroidism : See Thyroid 


Icterus; See Jaundice 

Idiot, persistent ostium atrioventricularc com- 
mune with septal defects in a Slongolian 
idiot, G40 

Illuminating Gas ; See Carbon monoxide 
Immunity ; See also Anapliylaxis and Allergy 
an aspect of inflammation in relation to, *802 
copper and iron in, 635 

distribution of electrolytes in serum during 
immunization, 495 

flocculation-reaction time in course of immu- 
nization and changes of proteins, 495 
influence of hypersensitiveness to horse scrum 
on duration of local passive antitoxic im- 
munity in man, 300 

of tissues ; conditions influencing fixation and 
destruction of bacteria in tissues, 138 
quantitative aspects of immunity reactions, 
G56 

role of nervous system and of conditional re- 
flexes in, 49G 

simultaneous multiple immunization, 05G 
transmission to third generation of antitoxin, 
300 

India ink, experimental studies on reticulo- 
endothelial system ; influence of India ink 
on ratio of urea in blood, *180 
Individuality differentials in strains of inbred 
rats, *203 

Industries, chronic industrial radium poisoning 
in Joacliimsthal, 6G5 

Incidence of cancer of bladder and prostate in 
certain occupations, GG3 
occupational neoplastic diseases, 847 
Infant, new-born, erythroblastosis with jaundice 
and edema in, G41 

new-born, is familial jaundice of new-born 
infants erythroblastosis? 120 
new-born, lactic acid in blood of, 649 
new-born, roentgenograms in study of intra- 
cranial hemorrhage in, 644 
Infections, effect of diet In epidemic Infections 
in mice, 490 

focal, and menstruation, 141 
Inflammation, an aspect of inflammation in rela- 
tion to immunity, *802 
effect of injection of trypan blue on rate of 
sedimentation of erythrocytes in, *429 
fixation of bacteria and of particulate matter 
at site of, 283 
generalized changes in, 038 
Influenza, bacillus Influenzae, variation and 
type specificity in species hemophilus influ- 
enzae, 291 

brain, lesions of, 682 

Instrument for obtaining specimen for biopsy, 
854 

Insulin, occurrence of insulin In urine, 1022 
poisoning as a cause- of an automobile acci- 
dent, 314 

Internal Secretions : See Endocrine Glands 
Intestine, adenoma in swine, 500 
atresia of, familial, congenital, 147 


Intestine — Continued 

bacterial flora of intestinal segments, 488 
carcinoid tumors of, 1040 
diseases, vibrlonic enteritis in calves, 102G 
flora ; lysozyme In development of intestinal 
flora of new-born infant, 487 
flora of adults, 1032 

influence of x-ray lesions of intestinal mucosa 
on absorption of glucose and other sugars. 
471 

obstruction from endometrial proliferation in 
intestinal wall, 481 

vibrios (vibrio jejuni, n. sp.) associated with 
intestinal disorders of cows and calves, 1020 

Iodine content of blood of patients suffering 
from cancer, 501 

in blood in exophthalmic goiter, 484 

Iron, accumulation of iron in tuberculous areas, 
1027 

and copper in immunity, G53 
value of determinations of iron content of 
whole blood, G48 

Isaacs, B. ; Bone marrow in agranulocytosis, 
142 

Ischemia, relation of nervous system to a 
patchy ischemia (Bier’s spots) in animals, 
C44 

Isohemagglutination : See Agglutination <• 


Jacobi, 51.; Congenital tracheo-e.sophagcal fistula 
caused by an aberrant ductus arteriosus, 
508 

serum and plasma bilirubin; comparative 
study of 100 cases, 511 

Jaffe, H. L. : Availability of calcium reserve of 
spongy trabeculae and compact bone in 
experimental hyperparathyroidism, 142 
Osteogenic sarcoma-like tumor of metacarpal 
bone, C78 

Sites of decalcification and of bone lesions in 
experimental hyperparathyroidism, *713 

Jaundice and erythroblastosis and edema in 
newly born, G41 
experimental obstructive, 832 
is familial jaundice of new-born Infants 
erythroblastosis? 120 

Leptospira icterohemorrhagiae in wild rats, 
839 

obstructive, blood-pigment in, 127 
of new-born, causes of icterus neonatorum, 
G36 

Jaws, role of anterior lobe of pituitar.v gland in 
growth with reference to teeth and maxillae, 
*37 

Joints, degeneration of articular cartilage in 
bovine joints, 1018 

Jungeblut, C. W. : Effect of filtration and of 
various constituents of tissue on virus of 
poliomyelitis, 137 

Juxta-articular nodules, subcutaneous, 478 


Kendall, A. I. ; Bacterial metabolism ; a sum- 
mary, *95 

Kennedy, B. P. ; A spectrophotometric study of 
blood solutions, 139 

Kidney, absence of 1 kidney, congenital, with 
urethrorectal fistula, urethral stone and 
concomitant measles, 315 
calcification, 833 

changes in blood and renal function after re- 
moval of celiac and superior mesenteric 
ganglions and left adrenal gland, 285 
denervation ; effect of snake venom ; effect of 
repeated chilUngs, 142 

disease, cardiovascular renal disease ; report 
of a case of 3,000 years ago, *92 
experimental nephrotic edema,' 1015 
function, grant for study of, 4G7 
innervation of renal parenchyma, 280 
malignant endocarditis (pneumococcal) with 
early calcification and calcareous renal 
emboli, 833 . , , , i 

normal renal glomerulus of man ; histologic 
considerations, *413 

number of open glomeruli in acute mercuric 
chloride nephrosis, 123 
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Kidney— Continued ^ ^ 

nhosphatides and amines of blood in diseases 
of kidney and their relations to hyper- 
tension, 649 

polycystic, hypertension in cases of, 110 
King, H. D. : Individuality differentials in 
strains of inbred rats, *203 
Kintner, A. R. : Anomalous origin and course of 
left coronary artery, *586 
Klinck, G. H., Jr. : Effect of injection of trs’pan 
blue on rate of sedimentation of erythro- 
cytes in inflammation, *429 
Klingelhofer, R. : Erythroleukosls and anemias 
of fowl, *1 

Kraft, E. : Gaucher’s disease, 140 
Krumbhaar, E. B. : Hodgkin’s disease of bone 
marrow and spleen without apparent in- 
volvement of lymph nodes, 322 


Lactic Acid ; See Acid, lactic 
Lang, E. J. : Generalized osteitis fibrosa and its 
relation to osteomalacia and rickets, 1045 
Larynx, tubercle bacilli in blood in laryngeal 
tuberculosis, 841 

Lead, behavior in animal organism, 830 

detection of small quantities in tissues, 307 
in feces and urine, 649 

shadows produced by lead in x-ray pictures 
of growing skeleton, 287 
Lederer, SI. : Heredity of agglutinogens SI and 
K of Landstelner and Levine, with particu- 
lar reference to determination of paternity, 
679 

Psittacosis ; postmortem examination of case, 
including studies on spinal cord, 319 
Two unusual cases of interstitial myocarditis, 
GGS 

Lefthandedness, relation of Broca’s center to, 
G34 

Leprosy, morbid anatomy and pathogenesis of, 
479 

Leptomeninges, primary melanoblastosis of lepto- 
menlnges and brain, 30G 
tularemic: report of a case, *917 
Leptospira Icferohemorrhaglae ; See under 
Jaundice 

Leukemia, lymphatic, smear preparations in, 
GGG 

lymphoblastic, in infant, fatal, 474 
mouse, GG2 

transmissible lymphoid leuceraia of mice, 284 
Leukocytes, experimental leukosis, in fowl, 639 
mechanism of action of bacteriotropin ; rela- 
tive degree of phagocytosis by polymorpho- 
nuclear leukocytes and by monocytes, 137 
Leukosis : See under Leukocytes 
Levinson, A. : Effects of intrathecal adminis- 
tration of mercurochrome-220 soluble and 
of met.aphen, *729 

Lewis, J. H. : Immunologic specificity of anti- 
gens of brain, 14G 

Lipoid cell hyperplasia of spleen, 1020 
deposits in aortas of infants, 643 
metabolism in cancer, 853 
metabolism, studies in, 483 
value of brain lipoids as an index of brain 
development, 125 

xanthoprotein, lipoids and dextrose in blood 
serum of persons with cancer, 309 
Lipoma, retrorectal, 646 
Liposarcoma of bone, primary, 499 
Liver, acute yellow atrophy of liver from 
poisoning by morel (Helvella esculenta), 
504 

c.alcification ; intrahepatic lithiasis, 640 
comparison of vital staining of parenchyma 
cells of liver with acid and basic dyes, 483 
cystadenomas of, malignant, 853 
cystic, harmartomas of intrahepatic bile 
ducts and their relations to, 852 
detoxicating function of liver with special 
reference to strychnine, 281 
distomlasis, specific 'iVassermann reaction in, 
496 

echinococcus cyst in, pathologic anatomy of. 


Liver — Continued 

enlargement, splenomegaly and hepatic en- 
largement in hereditary hemorrhagic telan- 
giectasia, 116 

experimental pathology, *787 
experimental pathology, restoration of liver 
of white rat following partial surgical re- 
moval, *186 

function, galactose in tests of, 506 
granulomatous abscess of liver of pyogenic 
origin, 640 

homologous liver as a stimulus to hepatic re- 
generation, *900 

necrosis from Indirect injury, 664 
role of diet in protecting against liver injury 
by arsphenamlne, 830 
role of liver in formation of lymph, 281 
streptococcus hepatitis, 641 
therapy with liver : See under jVnemia 
Loeb, L. : Individuality differentials in strains 
of inbred rats, *203 

Long, A. R. : Cardiovascular renal disease ; 

report of case of 3000 years ago, *92 
Long, E. R. : Cellular reaction to infection with 
tubercle bacilli ; experiments on testes of 
normal and immunized guinea-pigs, 135 
Early cellular reaction to tubercle bacilli; a 
comparison of tliis reaction in normal and 
tuberculous guinea-pigs and guinea-pigs 
immunized with dead bacilli, *956 
Lucke, B. : Mechanism of action of bacterio- 
tropin ; relative degree of phagocytosis by 
polymorphonuclear leukocytes and by mono- 
cytes, 137 

Lung abscesses, multiple, simulating tubercu- 
losis, 485 

accessory; congenital diaphragmatic hernia 
associated with accessory lung, 146 
asbestosis bodies in feces in pulmonary as- 
bestosis, 855 

changes after removal of cervical part of 
sympathetic nerve, 285 

chondrosarcoma with intravascular growth 
and tumor emboli to, 500 
chronic bronchitis with foreign body (elastic 
fibers) reactions in lungs, *222 
congenital air cyst of, 476 
effect on pulmonary epithelium of intrapleural 
injections of electrolytes, 471 
fatty changes in pulmonary veins, 834 
immunity in lungs of rabbits following im- 
munization with pneumococci, 302 
infection of rabbits with tubercle bacillus by 
way of trachea ; studies on defensive and 
metabolic apparatus of lungs, *689 
malignant disease of mediastinal glands, lungs 
and pleurae, morbid anatomy of, 644 
malignant hemangioma of lung with multiple 
visceral foci, report of case, *562 
multiple tuberous osteomas of, 836 
“pseudoactinomycosis” (chromoblastomy- 

cosis?) in a capybara due to a hyphomy- 
cete producing ray fungi in tissue, 326 
putrefying, gas analysis of, 505 
significance of lungs for transportation of 
material within body, 831 
Lymph, role of liver in formation of, 281 
Lymph Nodes, bronchial, latent and occult 
tuberculosis of bronchial glands, 489 
inoculation of tuberculous material into lym- 
phatic ganglions, 133 

tuberculosis in mesenteric lymph nodes of 
children, 484 

Lymphatism, analysis of data collected by 
status lymphatlcus Investigation committee, 
285 

significance of thymic and thymicolymphatic 
status in legal medicine, 310 
sta^tus^ thymicolymphaticus in legal medicine. 

Lymphocytes, age of lymphocytes in peripheral 
blood, 635 

Lymphocytosis, induction of lymphocytosis and 
Ij-mphatic hyperplasia by means of protein. 
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Lympliograniiloma, avian tubercle bacillus In- 
fection with special reference to mammals 
and man ; its reported association with 
HodgUin’s disease, *253 
case of Hodgkin’s disease of unusual dura- 
tion and extension, 323 
Hodgkin's diseases of bone marrow and spleen 
without apparent Involvement of Ij’inph 
nodes, 322 

Iiymphoid h.vpcrplasla, malignant lymphoid 
hyperplasia in mice, 307 
Lymphosarcoma of neck, 003 
Lysozyme in development of intestinal flora of 
new-born infant, 487 


McCutcheon, II. : Slechanism of action of bac- 
teriotropin ; relative degree of phagocytes 
by polymorphonuclear leukocytes and by 
monocytes, 13? 

JlcJunkin, F. A. : Effect of homologous 
macerated skin on regeneration of epi- 
dermis, *794 

Homologous liver as a stimulus to hepatic re- 
generation, *900 

iHacleod, A. G. : Character of excitation wave 
in auricular muscle, 134 
Magnesium, action of magnesium on adenocar- 
cinoma of rat, 309 

Magnetic susceptibility of body fluids, 483 
Malaria, pernicious, CoO 
Malta Fever: See Undulant fever 
Mann, F. C. ; Experimental pathology of liver, 
*787 


Marmorston-Gottesman, J. : Bartonella niurls 
anemia ; compensatory phenomena following 
splenectomy in adult albino rat, G7G 
Bartonella murls anemia : pathologic changes 
during acute anemia, 07a 
Martland, H. S, ; Occurrence of malignant 
growth in persons with radioactive deposits, 
511 

Mastoiditis and otitis media due to strepto- 
coccus epidemlcus, 1031 
Matsui, T. : Effect of homologous macerated 
skin on regeneration of epidermis, *794 
Mayer, L. : Osteogenic sarcoma-llke tumor of 
metacarpal bone, G78 

Measles, case of congenital absence of 1 kidney, 
with urethrorectal fistula, urethral stone 
and concomitant measles, 315 < 

encephalitis and encephalomyelitis in, 122 
serum prophylaxis in, 305 
Mediastinum, morbid anatomy of malignant dis- 
ease of mediastinal glands, lungs and 
pleurae, C44 

teratomas of, 2 cases, 480 
Medium ; See Bacteria culture media 
Medulla oblongata; assimilation of atlas and 
compression of medulla, clinical significance 
and pathology of torticollis and localized 
chronic arthritis deformans of spine ; report 
of a case, *333 

Melanoblastosis, primary mclanoblastosis of 
leptomenlnges and brain, 30G 
Melanoma, influence of aqueous extract of 
suprarenal cortex on growth of, 847 
influence of extracts of suprarenal cortex on 
growth of, 847 


Meninges, meningeal fibroblastoma (dural end 
tholioma, meningioma, arachnoid flbr 
blastoma), G61 

tumors, origin and nature of, 84G 
Meningitis due to bacillus acidi-lacticl In nei 
born infant, 1023 

Meningococcus antiserum ; neutralization of sk 
reaction of nnfimeningococcus serums, 3i 
“““^I’gSbin reaction to agar after lnjecti( 

Jlenkln, V. ; An aspect of inflammation in r 
lation to Immunity, *802 
Menstruation and focal reactions, 141 
-Mercuric chloride, number of open glomeruli 
acute mercuric chloride nephrosis, 123 
-lercurochrome effects of intrathecal adml: 
Of soluble a. 

mesenteric lyra] 


Metabolism, basal, effects of posterior pituitary 
extracts on, 281 

basal, of Maya Indians In Yucatan, 281 
role of spleen in, G39 

Metacarpus, osteogenic sarcoma-llke tumor of 
metacarpal bone, G78 

Metaphen, effects of intrathecal administration, 
*729 

Micrococcus lysodeikticus, action of lysozyme 
on, 845 

Microglia ; See Neuroglia 
Milk antibodies in serum of nurslings, 49G 
bacterlologic examination of, 489 
copper in human and bovine milk, 1022 
role of alcohol-soluble constituents of milk in 
Its serologic reactions, 845 
Miller, C, P., Jr. ; Growth requirements of 
gonococcus in liquid nonprotein medium, 137 
Mlllcs, G.: Kenal denervation; ctfect of snake 
venom; effect of repeated chilllngs, 142 
Milllken, M. ; Menstruation and focal reactions, 

141 

Mongolism in one of twin, IIG 
Monllla, cytologic reactions in experimental 
monillal abscesses, 130 
serological classlflcatlon of, G57 
Monkeys born In captivity, 285 
Monocytes in tuberculous animals, 1025 
Morel, acute yellow atrophy of liver from 
poisoning by, 504 

Mudd, S. : Mechanism of action of bacterio- 
tropin ; relative degree of phagocytosis by 
polymorphonuclear leukocytes and by mono- 
cytes, 137 

Muller, E. F. : Itenal denervation : effect of 
snake venom; effect of repeated chlllings, 

142 

Mumps; See Parotitis 

JIuscle, calcium content of striated muscle of 
rachitic animals, 12G 

hemorrhage and “shock” in traumatized 
limbs : changes In total, free and bound 
water of blood and, *809 
sugar content of skin and muscle In diabetic 
and non-diabetic persons, 120 
Museum specimens, use of Illuminating gas in 
preparation of, 133 

Myatonia, amyotonia with histologic observa- 
tions, 287 

Myeloma, diffuse myeloma with amyloid masses, 
C4C 

Jlyocardltls, acute isolated, 477 
Interstitial, 2 unusual cases of, GOS 
Myocardium in yellow fever, G3G 
Myoma of esophagus with associated diverticula ; 

report of 2 Instances, *77 
Jlyxoma of heart, 647 


National Research Council, medical fellowship 
board, meets in March, 1014 
Neck, lymphosarcoma of, CG3 
Neckermann, E. F. : Immunity of tissues ; con- 
ditions influencing fixation and destruction 
of bacteria In tissues, 138 
Nephritis, experimental. In frog, 470 

experimental scarlatinal nephritis in dog, oi- 
glomerular; experimental acute glomeniiuis, 
282 

mitochondrial changes in oxalate and uranium 
nephritis, G44 

Nephroma, embryonal, in chicken, S4G 
Nephrosclerosis, 1015 

Nerve, cervical sympathetic, changes In i i s 
after removal of cervical part of s> P 
thetic, 285 

Nervous System, functional , 

central nervous system in cerebral anemia, 
832 

histogenesis of amyloid bodies in "[on 

vous system ; role of microglia in fori • 

of amyloid body, *229 .jitmTini re- 

role of nervous system and of conditl 
flexes In immunity, 496 
Neurofibromatosis, multiple, 1039 , 

Neuroglia, experimental studies of ghacens.^^j^ 
role of microglia in formation ot 

body *^220 f 

Neuromyo- arterial glomus (Masson), tiimois o , 
852 



Xeiirosj’plillis : See Syphilis 
New-Born : See under Infant 
Nitrogen, determination of nonprotein nitrogen 
by direct nesslerizatlon, 1022 

Obituaries : 

Agramonte, A., 4G7 
Kitasato, S., 115 
IVarthin, A. S., 276 
Occupations : See Industries 

Olcott, C. T. : Carcinoma of suprarenal cor- 
tex with unusual metastases, 319 
Oligodendroglla ; See Neuroglia 
Oligodendroglioma, 1039 

Omentum, absorption of particulate matter by 
great omentum, 283 
Orbit, foreign body in, 670 

Osteitis, generalized osteitis flbrosa and its 
relation to osteomalaela and rickets, 1045 
fibrosa, experimental chronic hj’perpara- 
thyroidlsm leading to, 283 
Osteomalacia, carcinomatous, histologic changes 
in, 853 

generalized osteitis fibrosa and its relation to 
osteomalacia and rickets, 1045 
Osteomas, multiple tuberous osteomas of lung, 
830 

Osteopathy, bloody spinal fluid following an 
osteopathic treatment, 1042 
Otitis media and mastoiditis due to streptococ- 
cus epidemlcus, 1031 

Ovary, Intravascular hemangio endothelioma of, 
661 

primary malignant adamantinoma of, 1041 
squamous cell carcinoma in a dermoid cyst 
of, • 144 

tissue anomalies and their relationship to 
some tumors of, 851 

Ovulation, effect of injection of urine from preg- 
nant mammals on ovulation in rabbit, 470 

Paget’s disease of nipple; See under Breast 
Pancreas, action of epinephrine in depancre- 
atlzed animals, 141 
cysts, 2 cases of, 835 

hyperlnsullnism from B-cell adenoma of, 282 
morphology of so-called argentaffine cells in, 
1019 

sarcoma of, primary, 309 
Pancreatitis, complicating mumps, 120 
hemorrhagic, 288 

. Pappenheimer, A. M. : Nutritional encephalo- 
malacia In chicks, 134 

Nutritional muscular dystrophy in guinea- 
pigs and rabbits, 140 

Paraffin sections, use of butyl alcohol in prepa- 
ration of, *599 

sickness, pathologic anatomy of, 125 
Parasitus, etiology of cancer; tissue trans- 
plantation and, *983 

Parathyroidism, availability of calcium reserve 
of spongy trabeculae and compact bone in 
experimental hyperparathyroidism, 142 
Parathyroids, experimental chronic hyperpara- 
thyroldlsm leading to ostitis flbrosa, 283 
sites of deealcifleation and of bone lesions in 
experimental hyperparathyroidism, *715 
Paratyphoid, variability, not type specificity, 
in group of paratyphoid-food poisoning bac- 
teria, 659 

Parkinsonism, encephalitic, idiopathic and ar- 
teriosclerotic, cllnicopathologic study, 642 
Parotitis, pancreatitis complicating mumps, 120 
Parsons, E. : Hemorrhage and “shock" In 
traumatized limbs ; changes in total, free 
and bound water of blood and muscle, *869 
Hemorrhage and “shodc" in traumatized 
limbs; total, free and bound water changes 
of blood and muscle, 144 
Paternity, heredity of agglutinogens M and N 
of Landstelner and Levine with particular 
reference to determination of, 679 
Pathology, doctorates in bacteriology and path- 
ology granted by American universities, 
1930-1931, 468 

Pellagra : etiology (modern theories) and patho- 
logic anatomy, *970 

I® rat dermatitis consequent on vitamin 
(G) deficiency true pellagra ? 1016 


Pellagra — Continued 

secondary to benign and carcinomatous le- 
sions and to dysfunction of gastro-lntestlnal 
tract, 281 

Periarteritis nodosa complicated by fatal intra- 
pericardlal hemorrhage, report of case, 
*521 

Pericardium, diverticulum, 834 
periarteritis nodosa complicated by fatal 
intrapericardial hemorrhage, report of a 
case, *521 

sarcoma of, primary, 852, 853 
Peritoneum, sugar content of pleural and peri- 
toneal exudates, 127 

Peritonitis, bile, chemical changes in blood 
of dog in, 482 

fat necrosis in bile peritonitis : experimental 
study, *70 

septic, in man due to Bacillus sordelli ; re- 
port of case, *245 

Perla, D. : Bartonella muris anemia ; compen- 
satory phenomena following splenectomy in 
adult albino rat, 676 

Bartonella muris anemia ; pathologic changes 
during acute anemia, 675 
Perlstein, M. A. ; Effects of intrathecal admini- 
stration of mercurochrome-220 soluble and 
of metaphen, *729 

Petersen, W. F. : Menstruation and focal re- 
actions, 141 

Renal denervation ; effect of snake venom ; ef- 
fect of repeated chilllngs, 142 
Phaeochromocytoma, malignant, of adrenals, 
850 

Phagocytosis and spleen, 496 
of colloid bodies in living body and In tissue 
cultures, 639 

mechanism of action of bacterlotropin : rela- 
tive degree of phagocytosis by polymorphon- 
uclear leukocytes and by monocytes, 137 
promotion of phagocytosis by various chem- 
ical substances, 131 

relation of cell granules to phagocytosis of 
bacteria, 843 

Phosphorus and calcium in brain in different 
conditions, 482 
poisoning, acute, 319 
Pick’s disease : See Brain, atrophy 
Pinealomas, 849 

Pituitary Body; origin of hypophyseal cachexia 
(Simmond’s disease) 637 
r61e of anterior lobe of pituitary gland in 
growth : with reference to teeth and max- 
illae, *37 

teratoid tumor of hypophyseal region, 852 
tumors, extrasellar, 4 cases, 835 
Pituitary Extracts, effects of posterior pituitary 
extracts on basal metabolism, 281 
influence of female sex hormone and anterior 
hypophyseal hormone on structure of hypo- 
physis, 638 

Placenta, transmission of sensitization from 
mother to child, 494 

transplacental tuberculous infection, 294 
Plague, immunity in experimental plague, 304 
pneumonic, in Tunis, 294 
pulverized plague vaccine via respiratory 
tract, 305 

Plasma Cells: See under Cells 
Plethora, 638 

Pleura, absorption from pleural cavity of dogs, 
288 

apical pleural indurations, 834 
effect on pulmonary epithelium by Intra- 
pleural injections of electrolytes, 471 
morbid anatomy of malignant disease of medi- 
astinal glands, lungs and pleura, 644 
sugar content of pleural and peritoneal 
exudates, 127 

tooth in pleural cavity, 288 
Pneumococcus, action of a bacterial enzyme 
on type III pneumococcus, 1028 
experimental dermal pneumococcus infection 
in rabbit, 1028 
heterophlle antigen in, 492 
immunity in lungs of rabbits following im- 
munization with, 302 
immunological relationships among, 297 
immunology of, 491 
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Pneumococcus — Continued 
infection, epidemiology of, 292 
intrabroncliial Insufflation of pneumococci in 
rabbits, G52 

intracutaneous pneumococcus injection, G55 
intratracheal inoculation of monkeys with, 
652 

local skin reactivity (Shwartzman's reaction) 
to pneumococcus "flltrates,” Goo 
metabolism of S and P forms of, 292 
passive immunity with pneumococcus III, 304 
specific and nonspecific polysaccharides of 
type IV pneumococcus, 298 
Pneumoconiosis, action of animal tissues on 
silicious spicules of fresh water sponge, 125 
Pneumonia, experimental tuberculin pneumonia, 
1025 

interstitial, 835 

pneumococcus, mouse protection tests for anti- 
body in, 129 

Polayes, S. H. : Psittacosis ; postmortem ex- 
amination of case. Including studies of 
spinal cord, 319 
Poliomyelitis, 293 

active immunization in monkeys, 654 
concentration of protective substance in 
antipollomyelitis, serum, 302 
effect of filtration and of various constituents 
of tissue on virus of, 137 
epidemic, pi’otective Inoculation against, 844 
epidemiology of, 293 
experimental, 652 

immunization with mixtures of poliomyelitis 
virus and aluminum hydroxide, 297 
immunological differences between strains of 
poliomyelitic virus, 65G 
nervous lesions of subacute or chronic ex- 
perimental poliomyelitis, 643 
occurrence of intranuclear inclusions in nerve 
cells in, 839 

potent anttpoltorayotitto horse serum eoneerr- 
trate, 298 

protection of monkey by antipoliomyelitlc 
serum, 129 

Pollen extracts, skin reactions to pollen ex- 
tracts in rabbits, 131 

Polyarteritis nodosa : See Periarteritis nodosa 
Polyblasts, so-called, origin of, 838 
Polypi, development of carcinoma from polypi 
of colon, 138 

Porenceplialus, malformation of brain with 
hydrocephalus and, 836 
Postmortems : See Autopsies 
Potassium chlorate poisoning, 506 
Preclpitins, experimental studies on formation 
of, 659 

in diphtheria immune serum, 2 kinds, 498 
specifleness of hemoglobin preclpitins, 656 
Pregnancy, action of plood of pregnant women 
on frog larvae, 891 

Aschheim-Zondek test for, modified, 854 
effect of injection of urine from pregnant 
mammals on ovulation in rabbit, 470 
grave anemia in pregnant women from ben- 
zene intoxication, 310 

hydrogen-ion concentration and acid-base 
equilibrium in, 483 

Prize, Monaco prize for rvork in bacteriology 
to Martin R. Veillon, 467 
Prostate, incidence of cancer of bladder and 
prostate in certain occupations, 663 
Protein, anaphylactogenlc action of protein 
from filtrates of acid-fast bacteria, 299 
congenital protein hypersensitiveness in 2 
generations, 298 

effects of ultraviolet rays, radium and x- 
rays on, *533 

Protozoa, effect of toxins and venoms on, 486 
resistance of protozoa to crotalus and cobra 
venoms, 290 

Pseudohermaphroditismus : See Hermaphroditism 
Psittacosis, 1029 

postmortem examination of case, including 
studies on spinal cord, 319 
virus of, 489 

Pylorus, role of pyloric sphincter in control of 
gastric acidity, 1016 

Pyocyanlne, an accessory respiratory enzyme. 


Rabies, intensifying prophylaxis of, GOO 
splenic lesions in canine rabies, 488 
Rachitis: See Rickets 

Radiation : See also Radium ; Roentgen Rays ; 
Ultraviolet Rays 
mitogentic, 472 

Radio, plant and animal experiments with a 
short wave radio oscillator, 473 
Radioactive deposits, occurrence of malignant 
growth in persons with, 511 
Radium, chronic Industrial radium poisoning in 
loachimsthal, 065 

effects of ultraviolet rays, radium and x-rays 
on proteins, *533 

Radon, effects on blood sugar and its distri- 
bution between cells and plasma, 474 
Rand, G. : Congenital diaphragmatic hernia 
associated with accessory lung. 146 
Rape and deformity of male sexual organs, 
314 

Rascoff, H. : Congenital tracheo-csophageal fis- 
tula caused by an aberrant ductus arteri- 
osus, 508 

Ratcliffe, H. h . : Comparative study of ame- 
biasis In man, monkeys and cats, with spe- 
cial reference to formation of early lesions, 
327 

Raj'naud’s disease, mlcro-injectlon studies of 
capillary blood pressure in, 284 
Rectum, case of retrorectal lipoma, 646 
Reflexes, role of nervous system and of con- 
ditional reflexes in Immunity, 496 
Reimann, S. P. : Hyperplasia of skin of rat 
and mouse from sulphydryl, 135 
Respiratory tract, bacterial flora of respiratory 
system of normal dogs, 487 
sudden death due to syphilis of respiratory 
organs, 2 cases, 312 

Reticulo-Endothellal System, appearance of 
histiocytes, in porlplieral blood. 477 
experimental studies on reUcuie-endethellal 
system : influence of India ink on ratio of 
urea in blood, *180 
Reticulosis, *773 
acute aleukemic, 838 

Retina, angioreticuloxanthoma of retina (von 
Hippel and Lindaii disease) , 851 
Rewbrldge, A. G. ; Pat necrosis in bile peri- 
tonitis; experiment.al study, *70 
Rhabdomyoma, congenital, of heart, 500 
Rheumatic Fever, acute, experiments bearing 
on, 65G 

involvement of coronary arteries ,ln, 120 
Rheumatism, acquired rheupmtic pulmonic 
stenosis and insufficiency, 476 
Rickets, CcHclum content of striated muscle of 
rachitic animals, 126 

experimental rickets and calcification of den- 
tin, *358 

generalized osteitis fibrosa and its reiation to 
osteomalacia and rickets, 1045 
Rickettsia orientalis, cause of Tsutsugamushi 
disease, 843 

Rieckenberg reaction, 305 

Robertson, H. E. : Development of carcinoma 
from polypi of colon, 138 
Robinson, G. H. : Cytologic reactions in ex- 
perimental monlllal abscesses, 136 
RobinsoPi W. : Hemorrhage and “shock" in 
traumatized limbs ; changes in total, free 
and bound water of blood and muscle, *869 
Hemorrhage and “shock” in traumatized 
limbs ; total, free and bound rvater changes 
of blood and muscle, 144 
Roentgen Rays, aplasia of marrow and fatal 
intoxication in dogs produced by roentgen 
radiation of all bones, 119 
carcinoma and sarcoma, 849 
combined effects of colloidal silver and highly 
filtered roentgen radiation upon hemato- 
poietic system In dogs, 119 
effects of ultraviolet rays, radium and x-rays 
on proteins, *533 

influence of x-ray lesions of intestinal mucosa 
on absorption of glucose and otlier sugars, 
471 

shadows produced by lead in x-ray pictures 
of growing skeleton, 287 
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Roentgen Rays — Continued 
skin reactions produced by alternations of 

iieat and x-ray at various time intervals, 
118 

tumors developing after x-ray treatment of 
bone and joint tuberculosis, 851 
Rosenthal, A. H. : Congenital atresia of esopha- 
gus with tracheo-esophageal fistula, report 
of S cases, *756 

Rosenthal, L. ; Bartonella anemia in non- 

splenectomized rats, *405 
■Rosenthal, S. R. : Isolated giant growth of 
branch of pulmonary artery associated with 
congenital bronchiectasis, report of case, 

*387 

Uremic dermatitis, 143 

Ryder, W. B. : Experimental rickets and calci- 
fication of dentin, *358 

Saliva, diphtheria antitoxin in, 494 
Salivary Gland, cartilage In, *31 
histological study of, 662 
Salmonella : See under Bacteria 
Sands, I. J. : Lesions of brain in influenza, 682 
Sanford, A. H. : Collective review of recent 
books on clinical pathology, 857 
aqueous extract of suprarenal cortex on 
growth of, 847 

Sarcoma, influence of aqueous extract of supra- 
renai cortex on growth of, 847 
influence of suprarenalin (epinephrin) on 
growth of carcinoma and sarcoma in ani- 
mals, 307 
neurogenic, 1038 
of esophagus, 1040 

osteogenic sarcoma-like tumor of metacarpal 
'bone, 678 

primary, of pancreas, 309 
primary, of pericardium, 852, 853 
roentgen carcinoma and sarcoma, 849 
stimulating effect of arsenic on chicken sar- 
coma, 502 

Scalp, mixed tumor of, 145 
Scarlet fever, experimental, 488 
experimental scarlatinal nephritis in dog, *572 
laboratory infection with, 295 
Schilder's Disease : See Encephalitis periaxialis 
diffusa 

Schuller disease, xanthomatosis with cranial 
defects, 832 

Scleroderma, pathology of, 123 
Sclerosis, multiple, pathogenesis of, 830 
Secretions, Internal : See Endocrine Glands 
Semenov, H. : Experimental arteritis and ar- 
teriosclerosis associated witli streptococcal 
inoculations, *924 

Senile plaques, origin and formation of, 643 
Serodiagnosis, specificity of Immune serum and 
serum diagnosis of bacteria, 497 
"zoning” phenomenon in complement fixa- 
tion, 132 

Serology, occurrence of serologic factors SI and 
N in Japanese, 1038 

Serum, toxicity of certain normal sera for 
guinea-pig, 119 

Sex hormone, influence of female sex hormone 
and anterior hypophyseal hormone on struc- 
ture of hypophysis, 638 
Sliapiro, P. F. : Generalized actinomycosis 
"(pyemic form), report of case, *397 
Slierman, I. : Experimental studies on reticulo- 
endothelial system ; influence of India ink 
on ratio of urea in blood, *180 
Shock, hemorrhage and "shock” in traumatized 
limbs : changes in total, free and bound 
water of blood and muscle, *869 
Sliwartzman’s reaction ; local skin reactivity 
(Shwartzman’s reaction) ' to pneumococcus 
“filtrate,” 655 

Siebert, SV. J. : Homolotransplantatlon and 
heterotransplantation in guinea-pig ; effects 
of graded degrees of heat on cartilage and 
on thyroid gland, *590 
Silicosis : See Pneumoconiosis 
Silver ammonium carbonate, supravital staining 
with, 506 

combined effects of colloidal silver and highly 
filtered roentgen radiation upon hemato- 
poietic system in dogs, 119 
effects of intravenous injection of colloidal 
silver upon hematopoietic system in dogs. 


Slmmond’s disease : See Pituitary Body 
Skeleton, repair in vitro of embryonic skeletal 
rudiments after experimental injury, 644 
Skin as an immunological organ, 1035 
diseases, ultraviruses inducing neurotropic 
ectodermoses, 490 

effect of homologous macerated skin on re- 
generation of epidermis, *794 
hyperplasia of skin of rat and mouse from 
sulphydryl, 135 

hypersensitiveness in guinea-pigs infected 
with Brucella abortus, 131 
neutralization of skin reactions by anti- 
meningococcus serums, 301 
reaction to agar after injection of meningo- 
coccus filtrate, 131 

reactions produced by alternations of heat 
and x-ray at various time intervals, 118 
reactions to pollen extracts in rabbits, 131 
reactivity, local skin reactivity to bacterial 
filtrates ; passive immunity, 654 
reactivity, local sldn reactivity (Shwartz- 
man's reaction) to pneumococcus "filtrates,” 
655 

sugar content of skin and muscle in diabetic 
and non-diabetic persons, 120 
Smallpox, immunization against vaccinia by 
non-infectivo mixtures of virus and immune 
serum, 130 

A’’accination, Encephalomyelitis following : See 
under Encephalomyelitis 
vaccination; spontaneous immunization of 
rabbits to vaccine virus, 493 
vaccination ; vaccinia ; susceptibility of mice 
and immunologic studies, 491 
vaccine, survival of vaccine virus separted 
from living host cells by collodion mem- 
branes, 291 

variola-vaccinia flocculation, 659 
Smith, K. G. : Experimental arteritis and ar- 
teriosclerosis associated with streptococcal 
inoculations, *924 

Smith, L. AV. : Case of congenital absence of 
1 kidney, with urethrorectal fistula, ureth- 
ral stone and concomitant measles, 315 
Snake venom ; renal denervation ; effect of 
snake venom; effect of repeated chillings, 
142 

Societies, Division of Jledical Sciences of Na- 
tional Research Council elects officers, 275 
International Association for Geographic Pa- 
thology, 467 

International Congress of Comparative Pa- 
thology, 275 

Society Transactions: 

American Society for Experimental Pathology, 
134 

Chicago Pathological Society, 143 
New A'ork Pathological Society, 315, 508, 668 
Patiiological Society of Philadelphia, 322, 
1045 

Sodium liydroxide poisoning, histopathology of, 
314 

salicylate, detoxifying and disinfecting 
properties of, 132 

Soil and drinlcing water in relationship to ma- 
lignant tumors in Italy, 309 
Splegel-Adolf, M. : Effect of ultraviolet rays, 
radium and x-raj's on proteins, *533 
Spinal cord, cerebellar hemangioblastomas with 
incidental changes of, 122 
intramedullary tumors of, 306 
Spine, assimilation of atlas and compression of 
medulla ; clinical significance and pathology 
of torticollis and localized chronic arthritis 
deformans of spine, report of case, *333 
Spirochaeta pallidum, antigenic peculiarities of 
strains of, 844 
Spleen and phagocytosis, 496 
compensatory hypertrophy of, 282 
hemendothelioma of spleen and bone marrowy 
501 

lipoid cell hyperplasia of, 1020 
proteolytic activity of, 1021 
role of spleen in metabolism, 639 
Splenectomy, Bartonella anemia an nonsplenec- 
tomized rats, *405 

Splenomegaly and hepatic enlargement in he- 
reditary hemorrhagic telangiectasia, 116 
importance of, in essential- thrombopenia, 832 
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Sponge, action of animal tissues on sillcious 
spicules of freshwater sponge, 125 
Sporangia, occurrence of unidentified sporangia 
In tonsil crypts, *33 

Sputum, tuberculous, etfects on guinea-pigs of 
filtrates of, 653 

Stains and Staining, modification of Cajal’s gold 
sublimate method for demonstrating macro- 
glia cells in formaldeliyde-tised material, 
667 

supravital staining with silver ammonium 
carbonate, 506 

Staphylococcus aureus, non-specific local cu- 
taneous immunity to, 297 
filtrates, immunization with, 302 
toxin anatoxin and antitoxin, 658 
Status lymphatlcus : See Lyraphatlsm 
Steinberg, B. : Method for examining appendix, 
*598 

Stephenson, M. ; Some problems of bacteria] 
respiration, 1045 

Stevens, H. C. : A new brain sllcer, *90 
Stewart, H. L. ; Asbestosis ; report of 2 cases, 
*909 

Stewart, J. D., Jr. : Alyoma of esophagu-s with 
associated diverticula ; report of 2 In- 
stances, *77 

Stomach, acidity, role of pyloric splilncter in 
control of, 1016 

formation of giant folds in mucosa of, 646 
healing of gastric raucous membrane In rab- 
bits after Its surgical removal, *85 
Streptococcus, action of Congo red on strepto- 
coccal and B. welchii hemolysin, 658 
dissociation of hemolytic streptococci, 1031 
epldemicus, . toxins of, 1037 
experimental arteritis and arteriosclerosis as- 
sociated with streptococcal inoculation, *924 
hemolytic and nonhemolytic, chemical dif- 
ferentiation of, 841 

hemolytic, intravenous vaccination with, 1035 
local skin reactivity to streptococcus heraoly- 
tlcus-scarlatlnae, 132 

otitis media and mastoiditis due to strepto- 
coccus epidemicus, 1031 
relation of streptococci to flltrable virus of 
epizootic encephalitis of fox, 488 
septicemia with vascular lesions, 485 
sporadic cellulitis and abscess duo to strep- 
tococcus epldemicus, 1031 
tonsillectomy in carriers of streptococcus epi- 
demicus, 1031 

Strumia, M. M. ; Hodgkin's disease of unusual 
duration and extension, 323 
Mechanism of action of bacterio-tropln ; rela- 
tive degree of phagocytosis by polymorpho- 
nuclear leukocytes and by monocytes, 137 
Strychnine, detoxicating function of liver with 
special reference to. 281 
Sugar content of pleural and peritoneal exu- 
dates, 127 

content of skin and muscle in diabetic and 
non-diabetic persons, 126 
Suicide or apoplexy, 1043 

Sullivan, F. L. ; Immunity of tissues : conditions 
influencing fixation and destruction of bac- 
teria in tissues, 138 

Sulphur, nonprotein sulphur in blood, plasma 
and serum and glutathione sulphur in 
blood, 1022 

relation of sulphur to experimental anemia, 
140 

Sulphydryl, hyperplasia of skin of rat and 
mouse from, 133 

Suprarenalectomy, agglutinin production in sup- 
rarenalectomized rats, 1037 
Suprarenals and tumor growth, 847 

carcinoma of suprarenal cortex with unusual 
metastases, 319 

changes in blood and renal function after 
removal of celiac and superior mesenteric 
ganglions and left adrenal gland, 285 
contraction of suprarenal glands and atrophy 
of testes, 830 

extract : influence of aqueous extract of 
suprarenal cortex on growth of carcinoma, 
sarcoma and melanoma in animals, 847 
extract, influence on gro^vth of carcinoma, 
sarcoma and melanoma, 847 
hyperplasia ; pseudohermaphroditismus mascu- 
llnus externus associated with sviprarenal 
hyperplasia and vascular hypertension, re- 
port of case, .*543 


Suprarenals — Continued 
malignant phaeochromocytoma of, 850 
preparation ; complications following endo- 
cardlae Injections, 1044 
preparations ; action of epinephrine in de- 
pancreatized animals, 141 
preparations ; influence of suprarenalin on 
growth of carcinoma and sarcoma, 307 

Sweat, diphtheria antitoxin in human sweat, 
1030 

Syphilis, correlation of roentgenologic picture 
with anatomic changes in congenital 
osseous syphilis, 287 

modification of serodlagnosis of syphilis with 
inactivated serum, 059 
nonsyphllltlc aortic valve deformity, *889 
of respiratory organs, 2 cases of sudden death 
due to, 312 

Syphilis, precipitation tests for diagnosis of, 
value of, 856 
serology of, 500 

theoretical considerations in connection with 
a cold incubation complement fixation test, 
492 

ultramlcroscopic precipitation reaction in, 301 


Tapeworm, native infestation with dlphyliobo- 
thrium latum (fish tapeworm), 839 
Tar Cancer : See under Cancer 
Teeth, role of anterior lobe of pituitary gland 
in growth with reference to teeth and 
maxillae, *37 

Telangiectasia, splenomegaly and hepatic en- 
largement in, 110 

Temperatures, effect of supranormal tempera- 
tures on tissue cultures, 1016 
tumor of brain with disturbance in tempera- 
ture regulation, 110 

variations in temperature of healthy and 
tuberculous birds, 135 
Teratoid tumor of hypopliyseal region, 852 
Teratomas of mediastinum, 2 cases, 480 
Testes, atrophy of, and contraction of supra- 
renal, 836 

cellular reaction to infection with tubercle 
bacilli; e.xperlmonts on testes of normal 
and immunized guinea-pigs, 135 
extx-act, influence on intradermal spread of 
Injected fluids and particles, 117 
extract, effect on red cells, 635 
extract, effect on tissue permeability, 472 
Tetanus, mechanism of toxin-antitoxin re- 
actions, 1036 

spores of Clostridium tetani, 1030 
Thatcher, H. S. ; Pellagra ; etiology (modern 
theories) and pathologic anatomy, *970 
Thompson, R. : Etiology of postvaccinlal 
encephalomyelitis, *001 
Thorax, cysts, 480 

nonrachitic soft chest and flat head, a new 
syndrome, 475 

Thrombo-angiltis obliterans, 481 

obliterans, chemistry of blood in, 1021 
Thrombocytosis, reactions of bone marrow in 
experimentally Induced thrombocytosis, *153 
Thrombopcnla, essential, 837 
essential. Importance of splenomegaly in, 832 
Thrombosis, progressive thrombosis of pul- 
monary artery, 477 

structure of young blood platelet thrombi, 123 
Thyroid, cancer of, 316 

effects of graded degrees of heat on cartilage 
and on thyroid gland, *590 
experimental hyperthyroidism In guinea-pigs 
and rabbits, 471 

hoterotransplantation of thyroid gland, *590 
malignant mixed tumors with skeletal muscle 
fibers, 846 

morbid anatomy of heart in hyperthyroidism. 


478 

Tibia, adamantinoma of, primary, 501, 1042 
Tick-bite fever, agglutinins of tick-bite fever 
and sporadic typhus in southern Africa, 057 
Ticks as vectors of typhus fever, 1027 
Tl.ssue culture, bactericidal substances in, 1038 
culture, effect of supranormal temperatures 
on, 1016 

culture, influence of chemical substances on 


cells in tissue culture, 1018 
culture significance of, for pathologic physi- 
ology, 1017 
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Tissue — Continued 

immunity; conditions influencing flxatlon ,nnd 
destruction of bacteria in tissues, 13S 
permeabiiity, effect of testlcuiar extract upon, 
472 

Tonsiilectomy in carriers of streptococcus epi- 
demicus, 1031 

Tonsils, occurrence of unidentiflcd sporangia in 
tonsil crypts, *33 

Torticollis, assimilation of atlas and compression 
of medulla : clinical significance and pathol- 
ogy of torticollis and localized chronic 
arthritis deformans of spine, report of case, 
*333 

Toxin, surface phenomena in reaction of toxin 
and antitoxin, 495 

Toxin-antitoxin union, 301 

Trachea, Infection of rabbits u’lth tubercle 
bacillus ; studies on defensive and meta- 
bolic apparatus of lungs, *689 

Tradieo-csophageal fistula wltli congenital 
atresia of esophagus, report of 8 cases, *75C 

Trachoma, bacterium granulosis In relation to 
trachoma ; pathogenicity for various monkeys 
and apes, 1033 

experimental, effect of secondary infections 
on, 292 

transmission and cultivation experiments with, 
1027 

Transplantation, homoiotransplantatlon and 
heterotransplantation in guinea-pig ; effects 
of graded degrees of heat on cartilage and 
on thyroid gland, *590 

Individuality differentials in strains of inbred 
rats, *203 

Trauma, hemorrhage and "shock" in traumatized 
limbs : changes In total, free and bound 
water of blood and muscle, *869 
hemorrhage and "shock” in traumatized 
limbs ; total, free and bound water changes 
of blood and muscle, 144 

Trlchlnella spiralis, human trlchinella spiralis 
infections and Bachman precipitin test, 296 

Trypan blue, effect of injection of trypan blue 
on rate of sedimentation of erythrocytes in 
inflammation, *429 

Tsutsugamushl disease, Rickettsia orlentalis as 
cause of, 843 

Tubercle Bacillus, avian tubercle bacillus infec- 
tion, with special reference to mammals and 
to man : its reported association with Hodg- 
kin’s disease, *253 

bacteriologic investigations of strain isolated 
from lungs and lymph nodes of child vac- 
cinated with BCG, 499 
eellular reaction to infection with tubercle 
bacilli; experiments on testes of normal 
and immunized guinea-pigs, 135 
commemoration of discovery of, 1014 
cultivation from blood according to Lowen- 
stein, 841 

developmental cycle of, 1034 
early cellular reaction to ; comparison of this 
reaction in normal and tuberculous guinea- 
pigs and guinea-pigs Immunized with dead 
bacilli, *956 

early cellular reaction to human type tubercle 
bacilli in lung of rabbit, 143 
effect on growth of tubercle bacillus of modi- 
fication of amount of glycerol' In tissues, 
1024 

egg yolk agar medium in, 487 
flitrability and polymorphism of, 1033 
flltrability of, 295 
flltrable forms of, 1034 

Hohn’s medium and thick seeding of sediment, 
842 

lar3’ngeal tuberculosis, 841 
in blood in various diseases, 294 
in children with erjdhema nodosum, 1023 
infection of rabbits by way of trachea ; 
studies on defensive and metabolic appa- 
ratus of lungs, *089 

. method for counting dead and living tubercle 
bacilli In sputum, 856 
morphologic variation of, 1034 
peroral infection of guinea-pigs in, 841 
secondary colonies, autolysls and lysis in cul- 
tures of, 842 
variability of, 1034 


Tubercle Bacillus — Continued 
variations of tubercle bacillus in form and 
action, 1034 
various forms of, 1034 

Tuberculin, anaphylactic and tuberculin tj’pes 
of hypersonsltivencss, 492 
chemical composition of active principle of, 
1024 

experimental tuberculin pneumonia, 1025 
production and purification of, 845 
sensitivity in rats, 302 

sensitivity of guinea-pigs under acidotlc diet, 
132 

specificity of avian tuberculin reactions, 1037 
types, anaphylactic and tuberculin types of 
hypersensitiveness, 299 

Tuberculosis, accumulation of iron in tubercu- 
lous areas, 1027 

acute generalized tuberculosis without typical 
tubercles, 485 

anatomical characteristics of tuberculosis in 
Jamaica, 1024 

avian, pathological reaction of dogs to, 290 
BCG, action of, 845 

BCG, bacteriologic investigations of strain of 
tubercle bacilli Isolated from lungs and 
Ivmph nodes of child vaccinated with BCG, 
499 

B C G, criticism of B. Lange’s studies con- 
cerning causes of Liibeck disaster, 060 
BCG, influence of Calmette-Guerin bacilli on 
animals infected with tuberculosis, 304 
BCG vaccine, protective action of, 845 
BCG vaccination, causes of Illness In Infants 
following vaccination with Calmette-Gufirin 
bacilli in Liibeck, 295 
bacteriologic diagnosis of, 133 
bronchial glands, latent and occult tubercu- 
losis of. 489 

chemical view of pathogenesis of, 1023 
complement fixation and serum lability test 
in, 133 

effects on guinea-pigs of filtrates of tuber- 
culous sputum 653 
experimental, 130, 842 
Immunity in, 060 

immunizing rabbits against, attempts to, 498 
inoculation of tuberculous material into lym- 
phatic ganglions, 133 

late tuberculous primary complex in adults, 
841 

lipolytic activity of tissues of tuberculous 
guinea-pigs, 1017 

mesenteric lymph nodes of children 484 
monocytes in tuberculous animals, 1025 
multiple pulmonary abscesses simulating, 485 
pathologic anatomy in children, 833 
plasma protein, red-cell sedimentation and 
protection against, 659 

pulmonary, a tuberculous primary focus with 
atypical histologic structure, 842 
silicic acid content of blood in tuberculous 
patients, significance of, 843 
spontaneous, in domestic animals with ref- 
erence to Ranke’s teaching, 840 
studies on tuberculous liquefaction, 840 
susceptibility of gopher to, 290 
transplacental tuberculous infection, 294 
tumors developing after x-ray treatment of 
bone and joint, 851 

variations in temperature of healthy and 
tuberculous birds, 135 
virus, flltrable elements of, 842 

Tuberculotoxins, 493 

Tularemia, tularemic leptomeningitis; report of 
a case, *917 

Tumor-s, collision, 1041 

developing after x-ray treatment of bone and 
joint tuberculosis, 851 
experimental tar tumors In white rat, 850 
growth of tumors In tissue without nerves, 503 
immunity, 499 

immunity: effects of eu- and pseudo-globulin 
fractions of anti-cancer sera on tissue cul- 
tures, 502 

Immunity to transplantable rat tumors, 848 
In captive primates (giant cell tumor in a 
Cliacma baboon), 662 
Intramedullary tumors of spinal cord, 306 
metastasis of "benign" giant-cell tumor of 
iione, 502 

mixed, of scalp, 145 
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Tumors — Continued 

occupational neoplastic diseases, 847 
of neuromyo-arterial glomus (Masson), 852 
of posterior cranial fossa causing visual 
hallucinations, 289 

oncogenic factor in hlood and organs of ani- 
mals with inoculation tumors, 309 
purified (protein-free) virus of chicken tumor 
No. 1, GGO 

salting out of agent of cliicken tumor with 
globulin of filtrates, 30C 
soil and drinking water in relationship to 
malignant tumors in Italy, 309 
spontaneous, statistical study of occurrence in 
large colony of rats, S4G 
tissue anomalies and their relationship to 
some tumors of ovaries, 851 
tissue, effect of irradiated ergosterol and in- 
creased calcium on growth of, 308 
transplantable, influence of vital staining on 
induced resistance to growth of, 501 
Twins, mongolism in one of, IIG 
Typhoid bacilli, effects of other bacteria on re- 
sistance to infection with, 844 
bacillus, gas-forming variants of, 841 
Typhus, active immunization against typhus 
fever with formalinized virus, 29G 
set ire tiNsissfasttsi't sgsinsi ts’Pfitt's 

fever with dead virus, 297 
agglutinins of tick-bite fever and sporadic 
typhus in southern "Africa, G57 
endemic typhus in Virginia, 290 
reduction of resistance to typluis virus by 
diet deficiency, 291 
serological varieties of, 303 
silent typhus infection, 840 
ticks as vectors of. 1027 


Udders, bacterial growth in udders of cows, 489 
Ultraviolet rays, effects of ultraviolet rays, 
radium and x-rays on proteins, *533 
Ultraviruses : See under Viruses 
Undulant fever, epidemiology of, 1031 
in Azerbaldjan, 293 

Urea, experimental studies on retlculo-endothe- 
llal system : influence of India ink on ratio 
of urea in blood, *180 

influence of intravenous Injection of urea on 
exchange of substances between blood and 
tissues, 831 

Uremia, dermatitis in, 143 
Ureter, primary malignant tumor of, 6G2 
Urethral calculi, c, se of congenital absence of 
1 kidney, with urethrorectal fistula, urethral 
stone and concomitant measles, 315 
Urine, acetone, quantitative determination of 
acetone with Pulfrich’s photometer, 855 
alkalinity and phosphate content of morning 
urine, 482 

antibodies in urine after injection of anti- 
toxic globulin, 298 

effect of Injection of urine from pregnant 
mammals on ovulation in rabbit, 470 
Insulin in, occurrence of, 1022 
lead in feces and, 649 
loss of diplitheria antitoxin in, 493 
Urobilinogen, standardization of method based 
on mesobilirubinogen (H. Fischer) for 
estimation of urobilinogen, 854 
Uterus, cancer, grading of carcinoma of cervix 
uteri as checked at autopsy, *783 


Vaccine, advaccine (antidenatured vaccine), 497 
Vance, B. M. : Periarteritis nodosa complicated 
by fatal intrapericardlal hemorrhage; re- 
port of case, *521 

Vanderveer, H. L. •. Hypervitaminosls D and 
arteriosclerosis, *941 
Varicella : See Chlckenpox 
Vasa deferentla, calcification of vasa deforentia 
and ampullae, 645 

Voter’s ampulla, calcification of vasa deferontia 
and ampullae, 645 

do Vecchi, B. : Endocarditlc process in chlld- 
liood, *49 


^olns, direct communications between arteries 
and veins in rabbltt's ear, 285 
' onoms, resistance of protozoa to crotahis and 
cobra venoms, 290 

Vibrios, vlbrionic enteritis- in calves, 1026 
vibrio jejuni, n. sp. associated with intestinal 
Vibrios, vlbrionic enteritis in calves, 1026 
Viruses, new collodion membranes for bacterio- 
logical use, 855 

ultravlruses inducing nourotropic ectoder- 
moses, 490 

Vision, tumor of posterior cranial fossa causing 
visual hallucinations, 289 
Vitamin Bs, Is rat dermatitis consequent on 
vitamin Bs (G) deficiency true pellagra ? ; 

1016 I 

D, bypervltamlnosis D and arteriosclerosis, ? 
*941 f 

Vorwald, A. J. ; Cellular reaction to infection | 
with tubercle bacilli ; experiments on testes'i 
of normal and Immunized guinea-pigs, 135 ( 
Early cellular reaction to human type tuber- } 
cle bacilli in lung of rabbit. 143 ( 

Early cellular reaction to tubercle bacilli : j 
comparison of tins reaction in normal and • 
tuberculous guinea-pigs and guinea-pigs ' 
immunized with dead bacilli, *956 


Walker, M. A, : Healing of gastric mucous mem- 
brane in rabbits after its surgical removal, 
*85 


Warren, S. : Cancer of thyroid, 316 
Grading of carcinoma of cervix uteri as 
checked at autopsy, *783 
Warthin, A. S. : Occurrence of unidentified 
sporangia in tonsil crypts, *33 
Wassermann reaction, relation between Wasser- 
mann reaction and blood groups. 499 
specific Wassermann reaction in hepatic 
dlstomlasis, 496 
with fluids of tissues, 496 
Water balance, significance of water balance in 
epilepsy, 139 

experimental studies of lilgh plunge into, 312 
hemorrhage and “shock” in traumatized 
limbs : changes in total, free and bound 
water of blood and muscle, *869 
soil and drinking water in relationship to , 
malignant tumors in Italy, 309 
Weidman, F. t). : Pulmonary "pseudo-actino- 
mycosis” (chromoblastomycosis?) in a 
capybara duo to a hyphomycete producing 
ray fungi in tissue, 32G 
Weller, C. V. : Aldred Scott Warthin, 27G 
Whooping cough, blood picture in, 1023 
Wiener, A. S. ; Heredity of agglutinogens M 
and N of Landsteiner and Levine with par- 
ticular reference to determination of 
paternity, G79 

Wilbur, D. L. : Normal renal glomerulus of 
man, histologic consideration, *413 
Wilson, F. N. : Character of excitation wave in 
auricular muscle, 134 

Wollsteln, M. : JIalignant hemangioma of lung 
with multip" isceral foci, report of case, 
*562 

Wounds, effect of homologous macerated skin 
on regeneration of epidermis, *794 
gunshot, spattering of tissue from, GG4 
Wry-neck: See Torticollis 


Xanthoma, angioreticuloxanthoma of retina 
(von Hippel and Lindau disease), 851 
xanthomatosis with cranial defects (Schiiller’s 
disease) , 832 

Xanthoprotein, lipoids and dextrose in blood 
serum of persons wltli cancer, 309 


Vallow fever, complement fixation in yellow 
fever In monkey and in man, 295 
myocardium in, 636 


Zohman, B. L. : Bartonella anemia in non- 
splenectomized rats, *405 
“Zoning” plienomenon in complement fixation, 
132 




